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APPENDIX A

FLAT PANEL DISPLAY TECHNOLOGIES

1. Background

Flat panel displays (FPDs) are increasingly gaining a presence in the computer display
market. They provide, for example, a more compact display as used in laptop computers and are
viable substitutes for cathode ray tube (CRT) displays. Other advantages over the CRT are
higher contrast, sunlight readable, more reliable, and more durable (i.e., require much less
maintenance) Koch and Keoleian, 1995). In general, the major disadvantages have been that the
resolution and quality of the image did not match that of CRTs. Several different types of FPD
technologies have been demonstrated and are in use to varying degrees. The major categories are
liquid crystal displays (LCD), plasma display panels (PDP), electroluminescent (EL), field
emission displays (FED), vacuum fluorescent displays (VFD), digital micromirror devices
(DMD), and light emitting diodes (LED). Table A-I briefly describes each FPD technology.
Although each technology has its ownperlormance characteristics and is manufactured using'
different materials and procysses, most are generally comprised of two glass plates surrounding a
material that filters extemallight or emits its own light. These technologies use manufacturing
techniques more similar to the production of semiconductor chips than televisions. Most FPDs
control the color andbrightness of each pixel (picture element) individually, rather than from one
source, such as the electron gun in the CRT. The different types of electronic information
display devices and how they are categorized are depicted in Fig. A-I.

1.1 Elimination of FPD Technologies from this Study

While there are several types of FPDs, two LCD technologies will be included in this
LCA, based on their applicability to be used as substitutes in the computer display market. LCDs
comprise approximately 87% of the FPD market (OTA, 1995). Currently, the largest market for
FPDs is in notebook computers and CRTs monopolize the desktop computer market. However,
FPDs are already moving into the. desktop computer market. The LCD technology that best
meets the purpose and needs of this study is the amorphous-silicon thin film-transitor (a:Si TFT)
active matrix LCD (AMLCD). There are two variations of the a:Si TFT AMLCD that are
expected to dominate the desktop monitor market for LCDs: the traditional twisted nematic (TN)
mode and the in-plane switching (IPS) mode. Table A-I describes these technologies. Various
subtechnologies of LCDs are presented in Fig. A-2. The IPS mode is a non-:nematic amorphous
silicon AMLCD. Note that all the subtechnologies listed in Fig A-2 are not described here; the
purpose is simply to show the complexity of different types of LCDs.

The PDP technology could be incorporated into the desktop computer market, especially
if computers and televisions begin to merge. However, plasma technology is generally designed
for large screens, and does not meet the specifications (e.g., diagonal size) of the functional unit
defined for this project. Therefore, PDP technology will not be included in the scope of this
project. FED and EL technologies are targeted toward military, medical, and high-end
commercial products because they possess particular characteristics (such as size, durability, and
high image quality) for those niche markets. Because these other FPD technologies are a small
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1 Traditional light modulating methods for LCD technologies include twisted nematic (TN), super
twisted nematic (STN), double STN, triple STN, and film~compensatedSTN (OTA, 1995). The STN is the
current standard for high-end PMLCD. applications. :

Applicability to Pmject

Provides vivid color graphics in portable
computer and television screens (OTA,
1995). This technology meets the
functional unit specifications in this study.
Specific subcategories are described
below.

Traditionally for low-end applications
(e.g., calculators, wrist watches). Higher
end applications use a super-twisted
nematic (STN)l construction. The liquid
crystal material is twisted between 180 and
~70 degrees which improves the contrast
between the "on" and "off' states,
resulting in a clearer display than with Ithe
twisted nematic (twisted only 90 degrees)
(OTA, 1995; MCC, 1997). However, eost
and performance issues limit this
technology from wide application in the
desktop market and therefore, it will not be
evaluated in this study.

Included in this study. Descriptions of the
subtechnologies and whether or not they
are included in the study are presented
below.

,

!
Table A-t. Flat panel display technologies

Similar to the PMLCD except an electronic
switch at every pixel provides faster switching
and more shades. The addressing niechanism
eliminates the viewing angle and brightness
problems suffered by PMLCD. Re9uires
more backlight than PMLCD due tq the
additional switching devices on the iglass (at
each pixel). Various switching types are listed

I

below:

A liquid crystal material, acting like' a shutter,
blocks, dims, or passes light unobstructed,
depending on the magnitude of the electric
field across the material (OTA, 1995). A
backlight provides the light source. !

Description i

Liquid crystal (LC) material is sandwiched
between two glass plates, which co*ain .
parallel sets of transparent electrical lines
(electrodes) in a row and column . I
configuration to form a matrix. Every
intersection forms a pixel, and the vpltage
across the pixel causes the LC molecules to
align and determines the shade of that pixel
(OTA, 1995). . !

Technology

(2) Active matrix
(AMLCD)

Liquid Crystal
Displays (LCD)

(1) Passive matrix
(pMLCD)

I
fraction of the market, not targeted toward the desktop computer market, and/or do not meet the
specifications of our functional unit, they are not included within the scope of this project. Table
A-I presents brief descriptions of various FPD technologies and whether or not they are included
in this LeA.
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Table A-I.· Flat panel display technologies
- Technol02Y Description Applicability to Project

AMLCD Switch Types:

(2a) Thin-film. transistor (TFT): The current standard AMLCD switching
The transistor acts as a valve allowing current mechanism for computer displays is a:Si
to flow to the pixel when a signal is applied. TFT. Polycrystalline Si is not suitable for
The transistors are made of various materials larger than about 5" displays. Both the TN
including: amorphous silicon (a:Si), and IPS a:Si TFT AMLCD technologies
polycrystalline silicon (p:Si), non-Si[CdSe] are analyzed in this project.
(Castellano, 1992). Two different TFT light
modulating modes are twisted nematic (TN)
and in-plane switching (IPS) (DisplaySearch
1998). In comparison to the TN mode, the
IPS mode requires more backlight but fewer
manufacturing steps.

(2b) Diode matrix: The diodes are found to short easily and
The diode acts as a check valve. When must be connected in series to achieve long
closed, it allows current to flow to the pixel life usability. The diode displays are also
charging it. When opened, the pixel is limited in size smaller than that of the
disconnected and the charge is maintained functional unit.
until the next frame (Castellano, 1992).

(2c) Metal-insulator metal (MIM): Temperature sensitive, which creates gray
The MIM is a diode type switch using metal- scale nonuniformities. They are also size
insulated-metal fabrication techniques (OTA, limited like other diode type displays and
1995). therefore not included in this study.

(3) Active addressed Hybrid of passive and active matrix. The Employed in notebook and desktop
LCD pixels are addressed using signals sent to the monitors >12.1". However, they need

column and row as determined using an special drivers (OTA, 1995), have slow
algorithm encoded into an integrated circuit response times, and their contrast worsens
(Ie). The IC drives eachro~ of pixels more as panel size increases (Young, 1998).
or less continuously and drives multiple rows Therefore, this technology does not meet
at one time (OTA, 1995) the specifications of the functional unit

and is excluded from evaluation in this
study.

(4) Plasma-addressed The pixel is addressed using row electrodes, PALC displays are in development to be
liquid crystal (pALC) which send the signal, and column gas used as large low cost displays.

channels, which conduct a current when Production of the displays have not yet
ionized (OTA, 1995). occurred and they are not included in this

study.

(5) Ferroelectric The pixel is addressed using positive or Has high resolution with very good
LCDs (FLCD or negatives pulses to orient the crystals. The brightness, but limited color palette.
FELCD)- positive pulse allows light to pass (light state) (peddie, 1994). Limited color palette does

and the negative pulse causes the blockage of not meet color specification of functional
light (dark state) (Castellano, 1992). A unit.
ferroelectric liquid crystal is bistable .and
holds it polarization when an electric field is
applied and removed (peddie, 1994). They
are also called surface stabilized ferroelectric
(SSF) LCD.

A-3
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Technology
Plasma Display
Panels (PDP)

Electroluminescent
Displays (EL)

Field Emission
Displays (FED)

Vacuum
Fluorescent
Displays (VFD)

, Description

An inert gas (e.g., He, Ne, Ar) trapped
between the glass plates emits light when an
electric current is passed through the matrix of
lines on the glass. Glow discharge occurs
when ionized gas undergoes recomqination.
Ionization of atoms occurs (electro~s are
removed), then electrons are recombined to
release energy in the form of light. Full color
plasma displays use phosphors that glow when
illuminated by the gas (OTA, 1995);

A phosphor film between glass plat~s emits
light when an electric field is created across
the film (OTA, 1995). EL uses a !
polycrystalline phosphor (similar to 'LED
technology which is also an I

electroluminescent emitter, but uses,a single
crystal semi-conductor). ELs are doped (as a
semiconductor) with specific impurities to
provide energy states that lie slightly below
those of mobile electrons and slightly above
those of electrons bound to atoms. impurity
states are used to provide initial and, final
states in emitting transitions (Peddie, 1994).
Also referred to as thin-film EL (~L).
Variations: AC thin-film EL (AC-TFEL),
active matrix EL (AMEL), DC EL, 9rganic
EL. !

Flat CRT with hundreds of cathode~ (emitters)
per pixel (form of cathode1uminescent
display); eliminates single scanning 'electron
beam of the CRT. Uses a flat cold (~.e., room
temperature) cathode to emit electrons.
Electrons are emitted from one side !of the
display and energize colored phosphors on the
other side (OTA, 1995; Peddie, 199f).

Form of cathodeluminescent display that
employs a flat vacuum tube, a filament wire, a
control grid structure, and a phosphor-coated
anode. Can operate at low voltages :since very
thin layers of highly efficient phosphors are
coated directly onto each transparen~ anode
(peddie, 1994). i

A-4i
I,,

Applicability to Project
Established technology. Good for large
screens (e.g., wall-mounted televisions),
but are heavier and require more power
than LCDs (OTA, 1995). Designed fOIr
large screens and are larger displays than
specified for desktop applications.
Therefore, not included in this study.

Lightweight and durable. Used in
emergency rooms, on factory floors, and in
commercial transportation vehicles (OTA,
1995). Problems found in the power
consumption and controlling of gray
levels. Targeted toward military, medical,
and high-end commercial products,
therefore not included in the scope of this
project.

Not commercially available, but
anticipated to fill many display needs
(OTA, 1995). Could potentially apply in
all LCD and CRT applications. High
image quality as with CRT, but less bulky
and less power use than with CRT. A
number of roadblocks to this technology
taking over the AMLCD market include
proven manufacturing processes (problems
found in the reliability and reproducibi:lity
of the devices), efficient low-voltage
phosphors, and high voltage drivers. The
technology is targeted toward military,
medical and high-end commercial products
and not included in current study.

VFDs offer high brightness, wide viewing
angle, multi-color capability and
mechanical reliability. Used in low
information content applications (e.g.,
VCRs, microwaves, audio equipment,
automobile instrument panels, etc.). No
significant uses seen for computer displays
(peddie, 1994). '



APPENDIX A

Table A-t. Flat panel display technologies

Technology Description Applicability to Project

Digital Micromirror Miniature array of tiny mirrors built on a Just beginning to be used mainly as
Devices (DMD) semiconductor chip. The DMD is used in a projection devices and has not been

projector that shines light on the mirror array. developed for use that would match the
Depending on the position of a given mirror, functional unit (OTA, 1995).
that pixel in the display reflects light either
onto a lens that projects it onto a screen
(resulting in a light pixel) or away from the
lens (resulting in a dark pixel) (OTA, 1995).

Light Emitting The LED device is essentially a For low information display applications,
Diodes (LED) semiconductor diode, emitting light when a which makes it not capable of meeting the

forward bias voltage is applied to a p-n requirements of the functional unit. Color,
junction. The light intensity is proportional to power, and cost limitations prevent the
the bias current and the color dependent on emergence into the high information
the material used. The p-njunction is formed display market (Castellano, 1992).
in a III-V group material, such as aluminum,
gallium, indium, phosphorous,
antimony, or arsenic.

Electrochromic Open-circuit memory using liquid electrolytes Outstanding contrast and normal and wide
display (Peddie, 1994,p. 214). Non-emitter (as viewing angles; open-circuit memory.

LCDs), as opposed to emitters (e.g., EL, FED, Complex and costly involving liquid
PDP). electrolytes, poor resolution, poor cycle

life, lack of multicolor capability, etc. Not
suitable for computer displays in past;
however, new technology may be
promising (peddie, 1994).

Light Emitting Developing technology (Holton, 1997). Developing technology.
Polymers
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Fig A-2. LCD subtechnologies. Source: Catellano 1992.
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DESCRIPTIONS OF LIQUID CRYSTAL DISPLAY (LCD) TECHNOLOGY AND
AMORPHOUS' SILICON THIN-FILM TRANSISTOR (a:Si TFT) TECHNOLOGY
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The molecules along the upper plate point in direction 'a' and
those along the lower plate in direction 'b,' thus forcing the
liquid crystals into a twisted structural arrangement
(figure shows a 90-degree twist)
(TN type liquid crystal)

B-1

l arura ::; late
Molecules are arranged in a
loosely ordered fashion with their
long axes parallel.

_ PRJHCU.I.ES 0' I.C/)TECHNOLOCT
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APPENDIXB

The parallel arrangemeJlt ofliquid crystal molecules along grooves

[n this section, we wiII explain everything ranging trom the properties of liquid crystal molecules to the basic principle of
display technology by using TN type liquid crystals as an. example.

When coming into contact with grooved surface in a tixed direction, liquid crystal molecules line up parallel along the
grooves." ..

When liquid crystals are sandwiched between upper and lower plates, they line-up with groov'es pointing in
directions 'a' and 'b,' respectively

Light travels through the spacing ofthe molecular arrangement

The light also "twists" as it passes through the twisted liquid crystals
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The molecules in liquid crystals are easily rearranged by
applying voltage or another external force. When voltage is
applied, molecules rearrange themselves vertically (along
with the electric field) and light passes straight through .
along the arrangement of molecules.

I

I

Light Bends 90 degrees as it follows the twist of the molecules
i
I

I
I

I
I

I
Light ~asses through liquid crystals, following the direction in which
the molecules are arranged. When the molecule arrangement is twistec1
90 degrees as shown in the figure, the light also twists 90 de<7rees as it
passes rhrough the liquid crystals. "

$;
Vol ag~

I

Molecules rearrange themselves when voltage! is applied

When voltage is applied to the liquid crystal structJe, the twisted light passes straight through.
I

!

Blocking light with two polarizing filters

When voltage is applied to a combination of two p~larizing filters and twisted liquid crystal, it becomes a LCD di:iplay.

I

hnp:llwww.sharp-usa.com/products/pro/tech/principles.html 117198
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IW l1en voltage IS appllea, me llqUIQ crystal
molecules straighten out of their helix
pattern and stop redirecting the angle of the
light, thereby preventing light from passing.
through the lower filler.

B-3

APPENDIXB

When two polarIZIng tilters are arrangea
along perpendicular polarizing axes, light
entering from above is re-directed 90
degrees along the helix arrangement of the
liquid crystal molecules so that it passes
through the lower tilter.

Light passes when two polarizing filters are arrangedwith polarizing axes as shown above, left.
Light is blocked when two polarizing tilters are arranged with polarizing axes as shown above, right.

TN type LCDs

A combination of polarizing tilters and twisted liquid crystal creates a liquid crystal display.

This figure depicts the principle behind typical twisted nematic (TN) liquid crystal displays. In a TN type LCD, liquid
crystals in which the molecules form a 90-degree twisted helix, are sandwiched between two polarizing tilters. When no
voltage is applied, light passes; when voltage is applied, light is blocked and the screen appears black. In other words, the
voltage acts as a trigger causing the liquid crystals to function like the shutter of a camera.

http://www.sharp-usa.com/products/pro/tech/p rin~iples.h tml
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Liquid crystal materials used, in TFT LCDs are TN
(twisted nematic) liquid crystals, but despile the
fact that pixel counts have increased and a drive
element is placed at each pixel, we have still been
able to rapidly increase the conuast, viewing angle,
and image quality of these displays.

I.iiIt. .A.MOltPHUS.SI T'T

~

COIOrtillel:r~~=~~==:1:~~
Polmizer -~'h,.l-,!-." The driver elecuonics tor TFT LCDs consist of
Gla... 0 I data-line drive circuiuy that applies display signals
suostram _""...__ Molecules to the data lines (source drivers) and scanning line

Oppa~lng:~§'~=ii~~~Et~~~/~:~ource drive circuiuy that applies scanning signals to theoluc.rod.. 0 / : 5u~line gate lines (gate drivers). A signal control circuit to
~rientation I) 0 control Ulese operations and a power supply circuit
nm complete the system.

1/PrOlPoous-si

Plxal
oledrodes

Glass
.ubstralD

Polarizer -.-.-:::::c:==~==~

-Q
Backlighting

Figure I Construction ofTFT LCD

However, manufacturing technologies to fabricate several hundred thousand such elements onto the surt'ace of a large
screen are extremely prOblematic, and the fundamental approach developed in 1987 is still being used loday.

In 1988, Sharp developed a 14-inch TFT color TV, anI! with this development of a futuristic wall-mount TV, TFT LCDs
created the foundation for manulacture and introduction of large-screen color displays.

Reinitzcr discovered liquid crystals almost 100 years dgo, and today, bolstered by customer needs and the new and
special technologies and materials that a manutacturer; can offer to meet those needs, liquid crystals have made huge

strides. i

At this oppoltUnity, we wouldto make the whole worl~ aware of the potential ofLCDs, and as new manufacturers enter
the market, become the trigger that raises this awaren!ss to new levels.

In the evolution ofLCD display manufacturing, thebUrden of undertaking aggressive development 0 I' application
products has been considerable. [n addition to notebook and sub-notebook PCs that have been the mainstream
applications for LCDs in the past, there has been significant growth in areas which take advantage of the unique
characteristics of LCD displays. such as compact size; thin prolile, and low power consumption to create products which

,could not be produced using CRTs, such as LCD TVs; ViewCams, new portable information tools, etc. [n addition, for
large projection TVs, it has now become possible to d~velop products that arc more compact and lighter in weight than
conventional CRT"based modeJs, and LCDs are rapid~y becoming the mainstream display device in this lield.

I

In this way, LCD displays have expanded into appliclition areas that were once niches belonging solely to CRTs, and the
development of numerous key technologies that have Ithe potential to further e.'<'pand their application product areas

continues. '
i

Thanks to the development orTF!' LCD displays and the synergistic evolution (spiral evolution) with LCD application
devices and equipment, such as PC notebooks and computer monitors, AIV equipment, car navigation systems. game
devices, etc., we can anticipato the growth of new de!11and-generating products. LCDs have emerged as the likely winner
among flat-panel displays for the new intormation-ori.ented society. As we approach the dawn of the multimedia era
which will see the convergence of video, computers. and communications, a critical need is emerging for innovations in
displays that link man and machine through our sens~ ofsight.

The driving force behind LCD manufacturing are rec~ntly developed amorphous-Si TF!' LCD technologies which
repreSent breakthroughs in the areas of 1) higher aperiure ratios, 2) wider viewing angles, and 3) EM! (electrOmagnetic
intenerence) reduction, as well as low-temperature polycrystalline 51 TFT LCD display technologies. Thanks to these

I

The fund,amental concep~was reveale~ in 1961 b~ RCr~ of America. a U.S. company, but basic research only began in
~e 1970 s. Amorp~ousS, TF!' U;:Ds unroduced m 1979 and 1980 have become the mainstream lor today's active mauix
displays. These Ulllts place an a~ttve elemem at each pi~xel, and taking advamage of the non-linearity of the active
element,.are able to apply sutliclOnt drive-voltage margin [0 the liquid crystal itselt: even with the increase in the number
ofscan hnes. I

I
As shaY"! in Figure I, TFT LCDs that .use amorp~ou~ ~i thin-tilm t~ansis:ors (TF!'s) as .the active elements are becoming
the mamsueam today, and full..,;olor displays achlevmg contrast rattos 01 100: I and which compare favorably to CRTs
are being developed. I

I
i

TI!CH~OLOGY

I
I

I
I

Active matrix LCDs, which are typically used in produ~ts such as LCD projectors. are controlled by a switching clement
known as a thin-film transistor or thin-tilm diode placetl at each pixel.
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In the future, promising new technologies can be expected to spawn the next generation of new LCD application .
products based on high-pertormance LCD display systems ("systems-on-panel") that takes full advantage of integrated
drive and control circuitry.

breakthroughs. a new direction has emerged in 1996 which will make the best use of these key technologies in LCD
applications. For example. higher aperture ratio technologies are being used in LCD displays intended. for PC notebooks
wider viewing angle and lower EMI technologies are being used in LCDs destined for LCD monitors, and '
low-temperature polycrystalline Si TFT LCD technologies are being used as super-tine dot~pitch light valves for
high-detinition projection TV systems.

1/7/98

B-5

. '. ,,,,". , ,
FlIllM9lARI>NUJfD!>

CDMl!SHIllll>~

http://www.sharp-usa.com!products/pro/techlprinciples.html



APPENDIXB

Refere~ces

i
I

Sharp. 1998. Infonnation found on a Web page :fi;"om Sharp USA. Web site available at:
<http://www.sharp-usa.comlproducts/pro/techl>.

I. I

B-6



APPENDIXC

CRITICAL REVIEW

APPENDIXC



APPENDIXC
I
i
I

I
I,

I
I

I

this page intentiopally left blank
I'
I
I



C-l

APPENDIXC

CRITICAL REVIEW

APPENDIXC

Table C-l. Computer Display Project Core Group* and Technical Work Group Members ,

Contact Organization Location

Salla Ahonen Environmental Issues, Nokia Research Center, Helsinki, Finland
Nokia

Heather Bowman Electronics Industry Alliance Arlington, VA

Reggie Caudill New Jersey Inst. of Tech. Research Center Newark, NJ

Bob Donofrio Display Device Consultants Ann Arbor, MI

Holly Evans Electronics Industry Alliance Arlington, VA
Co-Chair, Core Group

Bruce Gnade DARPA Arlington, VA

Tony Hainault Minnesota Office of Environmental Assistance St. Paul, MN

Kathy Hart* US EPA, Office of Prevention Pesticides and Washington, DC
Co-Chair, Core Group Toxic Substances

Edwin Henderson* US EPA, Office of Prevention Pesticides and Washington, DC
Toxic Substances a

David Isaacs* Electronics Industry Alliance a Arlington, VA
former Co-Chair, Core Group

Mikko Jalas Environmental Issues, Nokia Research Center, Helsinki, Finland
Nokia

Tim Jarvis The SemiCycle Foundation Austin, TX

Greg Keoleian U. of Michigan, School of Natural Resources and Ann Arbor, MI
the Env.

Lori Kincaid* Univ. of TN . Knoxville, TN
Center for Clean Products and Clean
Technologies

J. RayKirby IBM Research Triangle
Park,NC

Jonathan Koch GE Power Systems Schenectady, NY

David Lear Compaq Computer Corp. Houston, TX

Clare Lindsay u.s. EPA, Office of Solid Waste Arlington, VA

John Lott· DuPont Electronic Materials . Research Triangle·
Park,NC

Jeff Lowry Techneglas Columbus, OH

Carole McCarthy McCarthy Environmental Consulting Duxbury,MA

Timothy Mann IBM Loganville, GA
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Table C-l. Computer Display Project Core Group* and Technical Work Group Members
Contact

I

Organization Location
Frank Marella Sharp Electronics C<;>rporation Mahwah,NJ
Co-Chair, Technical Work I

Group

John Mathews Envirocycle I Hallstead, PA

Jay Mathewson Eastman Kodak Co. ; Rochester, NY

Colleen Mizuki* Microelectronic & Computer Technology Austin, TX
Corporation a !

Amanda Monchamp Electronics Industry:Alliance a Arlington, VA

Rick Nolan Motorola i Austin, TX

Bob Pinnel* U.S. Display ConsOl;tium San Jose, CA

Greg Pitts* Microelectronic & Computer Technology Austin, TX
Corporation a i

Gene Proch Corning Asahi I

Gloria Schuldt Microelectronic & <;::omputer Technology Austin, TX
Corporation a I

Eileen Sheehan U.S. EPA, P2 Team; Region 9 San Francisco, CA

Dipti Singh* US EPA, Office of iPrevention Pesticides and Washington, DC
Co-chair, Technical Work Toxic Substances i
Group I

i .-

Doug Smith Sony Electronics Int. San Diego, CA

Ted Smith* Silicon Valley Toxits Coalition San Jose, CA

David Spengler* Digital Equipment Corporation Maynard,MA

Maria Socolof* Univ.ofTennessee; Knoxville, TN
Center for Clean Prpducts & Clean Technologies

I

Dan Steele Motorola MD FPD :10 Tempe,AZ
ESlli and Chemica~ Operations Flat Panel
Display Division I

I

Larry Stone Compaq Computer Corp. Houston, TX

Butch Teglas (Delmer F.) Philips Consumer Electronics Knoxville, TN

Valerie Thomas Princeton Univ. Ct!. For Energy & Env. Studies Princeton, NJ

David Thompson Matsushita Electro*ic Corporation of America Secaucus, NJ

Donna Timmons Eastman Kodak cd. Rochester, NY

Dani Tsuda* Apple Computer In,e. Cupertino, CA

Lucian Turk Dell Computer i Austin, TX!

Laura Turbini Georgia Institute of Technology Atlanta, GA

Victoria Wheeler Eastman Kodak Co. Rochester, NY
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* Core Group members (subset of Technical Work Group)
a Affiliation at time of involvement in project..

Table C-2. U.S. EPA Design for the Environment Workgroup Members for the
C t D" I P " t

Table C-l. Computer Display Project Core Group* and Technical Work Group Members

ompu er ISPlav rOJec

Name DivisionIBranch

Andrea Blaschka Risk Assessment DivisionlExisting Chemicals Assessment Branch

Susan Dillman National Program Chemicals DivisionJTechnical Branch

Franklyn Hall Economic, Exposure, and Technology Division/Chemical Engineering Branch

Kathy Hart Economics, Exposure, and Technology DivisionlDesign for the Environment

Karen Hogan Risk Assessment Division/Science Support Branch

Susan Krueger Economics, Exposure, and Technology DivisionlEconomic and Policy Analysis
Branch

Fred Metz Economics, Exposure, and Technology DivisionlIndustrial Chemistry Branch

Dipti Singh Economics, Exposure, and Technology DivisionlDesign for the Environment

Jerry Smrchek Risk Assessment DivisionlExisting Chemicals Assessment Branch

Contact Organization Location
Ross Young Display Search Austin, TX
fanner Co-Chair,
Technical Work Group
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TECHNICAL MEMORANDUM:
Life-Cycle Inventory Approach for Materials Extraction and

Materials Processing Life-Cycle Stages

1. INTRODUCTION

1.1 Background

The U.S. Environmental Protection Agency's Design for the Environment Program
Computer Display Project (CDP) is conducting an environmental life-cycle assessment (LCA)
that will evaluate the relative environmental impacts of cathode ray tubes (CRT) and liquid
crystal display (LCD) computer monitors. The major life-cycle stages of a product system
include materials extraction, materials processing, product manufacturing, product use, and final
product disposition (end-of-life). An LCA evaluates the relative environmental impacts of a
product system and is defined in greater detail in Chapter 1 of the main report. An LCA
generally consists of four phases: goal definition and scoping, life-cycle inventory (LCI), life
cycle impact assessment (LCIA), and life-cycle improvement assessment.

The activity of quantifying the inputs (e.g., materials, utilities) and outputs (e.g.,
emissions, wastes) of a product system is the LCI phase of an LCA. A product system is made
up of the multiple processes that help produce, use, or dispose of the product. Each process
typically has an inventory that consists of inputs and outputs for each process. Therefore, an LCI
of a product system consists of several inventories for processes throughout the life-cycle of the
product. This technical memorandum (TM) addresses the LCIs related to two major life-cycle
stages: materials extraction and materials processing, which together will be referred to as the
life-cycle stages that are "upstream" of the product manufacturing stage. Ideally, transportation
associated with those'stages is also included. This TM will describe the approach to choosing
the upstream data from secondary sources that will be included in the CDP analysis.

1.2 Purpose and Scope of this Technical Memorandum

The purpose of this TM is to present the approach for obtaining process:specific
inventory data related to extraction and processing of the materials needed to produce a CRT and
LCD computer monitor. Collecting these upstream inventory data can involve dozens of
upstream processes because there are dozens of materials used to produce CRTs and LCDs.
Therefore, decision rules are typically used to limit which materials to include in the scope of the
LCA, and existing data from secondary sources are generally relied upon. For inventories related
to materials extraction and materials processing, various databases with input and output LCI
data exist for materials commonly used in industry. The existence of these inventories, and the
limited resources available for collecting primary inventory data for the entire life cycle, result in
the use of secondary data for upstream processes. In the CDP, more emphasis will be given to
collecting primary data for product manufacturing and end-of-life processes. This TM identifies
initial materials considered for inclusion in the upstream life-cycle stages. Actual material lists
from the inventories collected from the primary data collection efforts were not available until
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after data collection had to begin for the upstrean;l processes. Therefore, initial materials were
identified to help determine which secondary dat:;t. to obtain. Once actual materials from the
manufacturing stage inventory were identified, the selected secondary data source was checked
for the appropriate data sets to be included in the :study. This TM addresses the initial steps for
choosing which upstream data source to use, by i~entifying and prioritizing several data sources.
The remainder of this TM will present a brief summary of results, the methodology for selecting
secondary upstream data for the CD:!;>, detailed results in terms of preferred data sources, and the
limitations to using the upstream data for the CDr.

, i

2. RESULTSS~RY

Based on initial material lists and project decision rules, approximately 40 materials
(including some material groups) were initially identified as materials for which upstream data
inventories should be include.d in the CDP LCA. :Nine data sources (i.e., studies and/or
databases) were evaluated to determine which upstream data would be used for these and other
materials that might be identified in the CDP. Two databases were disregarded because the data
are not or will not be available to the public. Th6 remaining seven were reviewed for their
applicability to the CDP. Complete inventory data for all currently identified CDP materials
were not available from anyone of the databases/studies alone. Therefore, a hierarchy of
preferred data has been chosen for upstream data' from secondary sources. The most preferred
data is that from the Environmental Information and Management Explorer (EIME) database
developed by Ecobilan (Ecobalance), a company; based in France.

EIME is an LCA software package that specializes in electronics and the electronics
industry and currently includes 18, with forthcon)ing updates expected to bring it to 21 materials
specific to the CDP. The database is immediatel;y available, and although it is relatively
expensive, it may be attainable at a negotiated Pt1ce (Glazebrook 1999). The EIME data do not
fulfill all the CDP's upstream data requirements ~nd therefore, other d.atabases will be needed.
Twelve materials were not found in any of the ~tabases and may require additional research
from secondary or primary sources to complete tpe CDP product system inventories. It appears,
however, that EIMB, supplemented with Ecobahince's Database for Environmental Analysis and
Management (DEAM) will cover most materials: needed in t~e CDP.

I

3. :METHODOLOGY I
I

I
I

The method for determining the upstre~ data that will be used for the CDP depends on
which materials need to be included in the upstream evaluation and what existing databases ate
currently available for those materials. This section consists of three subsections that present the
following: (1) how the preliminary list of materials were identified; (2) which data sources were
considered for use as CDP upstream inventory dflta; and (3) the selection criteria for choosing
which upstream data to include in the CDP. !

3.1 Materials Selection
I

The first step to selecting upstream data ~ources is to identify what materials are of
interest to the project. Primary data collected from manufacturing facilities will provide a list of
upstream materials to consider in the upstream stages. However, the materials inventory from

I
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the CDP product manufacturing stage was not yet complete when upstream data collection
needed to begin to meet project time and budget constraints. Therefore, a preliminary list of
materials used to manufacture the monitors was identified by disassembling a CRT and LCD and
by reviewing the literature on manufacturing processes. The list was then slightly reduced based
on decision rules to limit the scope of the project. This preliminary list is then used to help
choose preferred sources of upstream data for materials of interest in the CDP. The following
subse~tions describe the bills of materials of the LCD and CRT, the decision rules applied to the
bills of materials, and the list of selected materials for upstream data collection.

3.1.1 Bills of Materials

A 15" CRT and a 15" LCD desktop monitor were disassembled, to the extent they could
bemanually separated, into their component parts/materials and each of these parts-was weighed
using Mettler analytical balances. A 17" CRT (the CDP functional unit) was not available for
disassembly and therefore it is assumed that the percent contribution of materials in the 15" CRT
and the 17" CRT are equivalent, which is an adequate assumption for the purposes of identifying
major product materials. .

Primary (also referred to as "product") materials are defined as those that become part of
the final assembled monitor. Bills of materials of the CRT and LCD monitors were compiled to
quantify the mass contribution of each primary material and component in each monitor. Where
individual materials could not be discerned, component parts consisting of multiple materials
were identified and weighed. These bills of materials are presented in the CDP's Industry and
Technology Profile Document (MCC 1998). The material makeup of some component parts
[e.g., thin-film transistors (TFfs) on LCD glass substrate or phosphors 'on CRT glass substrate]
were identified from published literature (Le., secondary sources) (O'Mara 1993, DisplaySearch
1998, FCR 1996, MCC 1993, ECT 1980). Simultaneous and subsequent work on the CDP
involved obtaining more details onthe makeup of certain component parts from mamifacturers
(Le., primary sources) through data collection questionnaires. '

The next step was to identify common ancillary (al§o referred to as "process") materials
used in product manufacturing, which were found from secondary sources (O'Mara 1993,
DisplaySearch 1998, FCR 1996, MCC 1993, ECT 1980) and reviewed by industry experts.
These ancillary materials were added to the primary bills of materials for consideration in the
LCA (MCC 1998). Additional ancillary materials were identified from primary sources during
concurrent manufacturing data collection activities.

3.1.2 Decision Rules

Due to the complexity of the CRT and LCD monitors, and for any LCA, the boundaries
of the analysis must be clearly defined. Thus, the following decision rules for choosing the
materials to be evaluated were developed and applied to the primary and ancillary bills of
materials. Three major categories of decision criteria wen~ used to select materials for detailed
analysis in the LeA: (1) mass contribution; (2) potential environmental and/or energy
significance; and (3) technological importance. A priority hierarchy was developed (Figure 1)
using a combination of these criteria.· ,
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The first criterion is applied by including materials that constitute greater than or equal to
1% of the monitor by mass. Materials constituting more than 5% will be given greater emphasis
in the LCA. Mass is asimple measure by which t~ select important materials for consideration
in the LCA because in many cases, the larger the rraterial, the greater the impact. This is true for
resource consumption impacts which are equivalent to the amount of material used. However,
other impact categories may not be equivalent to the amount of material consumed, and simply
eliminating materials based on mass alone may exclude important iinpacts from an
environmental life-cycle perspective. Therefore, tinder the second criterion, materials were also
included if they have a potential environmental/health impact (e.g., they may be toxic) or use
large amounts of energy to 'produce. The environmental criterion decision rule refers to materials
that may pose risks to the public, occupational workers, or the ecosystem from manufacturing,
use, or disposal of the material. The primary and ~ncillary materials were reviewed by a. team of
experts at the University of Tennessee and were cpmpared to regulatory lists and other sources
(Klaassen et al. 1986, EPA 1998, ChemFinder 1998, SRC 1998) to identify materials with known
or potential environmental concerns. When impafts are calculated in the LClA, a more rigorous .
~eview of toxicity data and environmental param9ters willbe conducted to provide quantitative
Impact measures. I . . .

The third decision rule criterion applies to; materials that are critical to the technology
(e.g., LCD TFT materials or the CRT phosphors).: This is intended to ensure that other mateJials
of potential importance are not overlooked in the LCA. Furthermore, because the LCA will be
comparative in nature, greater emphasis will be placed on materials that are physically unique to
a display technology. i

For the materials meeting the top tier of tHe decision rule hierarchy (Figure 1) in the CDP,
attempts are made to obtain secondary data for those upstream material processes. Materials in
the middle segment of the triangular hierarchy scbeme are given lower priority, but included, if

I
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available. Finally, the last segment of the triangle would contain materials excluded from the
analysis.

3.1.3 Material Selection Results

The materials identified here are for selecting which materials require the collection of
input and output inventory data from materials extraction, materials processing, and associated
transportation, collectively referred to as the "upstream" life-cycle stages. The inventories from
each of these life-cycle stages are then used to calculate impacts of the various impact categories
considered in the analysis. "

The total masses of the CRT and LCD that were disassembled were approximately 12.8
kg and 5.15 kg, respectively. The printed wiring boards (PWBs) and their components were
excluded from these weights and from the following materials analysis because they are treated
as complex display components not broken down by individual materials. The CRT consists of
approximately 17 primary materials and the LCD is comprised of abolJt 23 primary materials
(MCC 1998). The major primary materials by weight (~1%) in the CRT and LCD are listed in
Table 1 with their corresponding components. Figures 2 and 3 depict the percent contribution of
each of those materials to the overall monitor. For the CRT, eight materials were greater than or
equal to 1% and only three [glass, steel, and high impact polystyrene (HIPS)] Were greater than
5%, of the weight of the monitor. The LCD had seven materials greater than or equal to 1%, five
of which were greater than 5% [steel, polycarbonate, acrylonitrile butadiene styrene (ABS),
polyester, and glass]. The items in bold inTable 1 represent the materials that are >5% for both
the CRT and LCD. Other primary materials to be included in the LCA, based on the

.environment and technology decision rules, are presented in Table 2. The primary materials that
were excluded due to mass are presented in Table 3.

Ancillary materials, such as those required for photolithography, are used in greater
quantities for LCDs than CRTs. Preliminary literature searches (O'Mara 1993, DisplaySearch
1998, FC~ 1996, MCC 1993, ECT 1980) found four ancillary materials for CRTs and 12 for
LCDs (MCC 1998). The latter portion of Table 2 presents the ancillary materials that are
included for either technological or environmental importance. The mass criterion for ancillary
materials will be identified through responses to data collection questionnaires distributed to
manufacturers participating in the project. Table 3 shows the ancillary materials that were
preliminarily excluded based on environmental and technical criteria because mass data for
ancillary materials are not yet available.

Table 1. Primary materials comprising ~1% by mass ofa CRT or LCD monitor and
associated components a

Material Associated component(s)
CRT LCD

ABS ----- Base/stand
Aluminum (AI) Aluminum shielding, power Power supply heat sink, TFf

board heat sink, connectors metal
Copper (eu) Deflection yoke -----

Ferrite-magnet Deflection yoke -----
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Table 1. Primary materials comprising ~1% by mass of a CRT or LCD monitor a.ml

associated co:mponents a

o Glass (39%)

• Steel (27%)o HIPS (17%)

• Pb (4%)o Ferrlte-magnet (3%)

• Cu (2%)
I§I AI (2%)

o Silicone (1%)

• Other (excluded)

I
total mass F 5.15 kg

I
5%

17%

14%

39%

47%

total m.iass =12.8 kg, iii Steel (47%)

! 3% • PC (14%)

~~~E:~~~~~I'1% 0 ABS(11%)
~ ; 1% • Polyester (9%)

I 9% .C!l Glass (1 %)

• Plexiglas (1%)

III AI (1%)

o Other (excluded)

Fig. 3. LCD product materials meeting mass
decision rule

,
Fig. 2. CRT product'~aterials meeting mass

decision rule
I

27%

Material Associated component(s)

CRT LCD
Glass (e.g., borosilicate) b

,
----- LCPpanel

Glass (lead oxide) Panel, funn~l, neck, frit -----

Lead (Pb) C Funnel & netk glass, frit -----

Plexiglas __L Backlight clear protectorI

Polycarbonate ---l""- Backlight light pipe

Polyester ---r- Power supply & rear cover
I insulatorsI

Polystyrene, high-impact Casing -----

(HIPS)
I,

Silicone Potting matc:rfal in flyback -----
transformer

Steel Base, right, left &back shields; Base/stand weight & brackets,I .
backlight plates, rear cover metalshad0"Y mask

I plate, power supply housing
• See Figures 2 and 3 for matenal percent contnbutlons to total mass of momtor, excludmg PWBs.
h Includes materials that could not be easily separated from the glass (e.g., frit, phosphors, transistors) and subtracts the
estimated lead content of the glass for the CRT. . : -
C The mass oflead was estimated from the total mass of the diffe~ent glass components and approximate lead levels in the CRT
glass components (MCC 1994). On average, approximately lO%lofthe total mass of CRT glass was assumed to be lead.
NOTE: Materials in bold are >5% of the monitor by weight. , .

I .
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Table 2. Primary and ancillary materials or components meeting technology (T),
> environment (Env), or energy (E) criteria .

Materials Associated components or process Decision
criteria

CRT LCD CRT LCD
Primary materials
Aluminum oxide (Alz0 3) Electron gun wire heater ----- Env -----
Aquadag Faceplate black matrix ----- T -----

coating
Beryllium (Be) ----- Be-Cu metal clips . ----- Env
Bismuth oxide Shadow mask back ---- Env -----

coating
Color filters (acryl epoxy resins) ----- Front panel glass color ----- T

filters
Divinylbenzene resin ----- Spacers in AMLCD cell ----- Env
~rit (lead solder glass) Glass solder joints ----- Env,E -----
fudium-tin oxide (ITO) ----- Electrode ------ T
~iquid crystals (e.g., polycyclic ----- Light-modulating material ----- T,Env
aromatic halogenated
hydrocarbons,cyanobiphenyl,
phenylcyclohexane compounds)
Mercury ----- Cold cathode fluorescent ----- Env

tube in backlight
Nickel Electron gun cathodes ----- T,Env -----
Phosphors (e.g., ZnS, YzOz) llluminating material ----- T,Env -----
Polyimide ----- AMLCD cell alignment ----- T

layer
TFf metals (e.g., AI, Cr, Mo, W) ----- Transistor ----- T,Env
TFT silicon materials (e.g., SiOz, ----- Transistor ----- T
SiNx, doped Si)
Tungsten (W) Electron gun wire heater Transistor T,Env T,Env
Ancillary materials
Boron trichloride (BCI3) ----- Photolithographic etchant ----- Env
Carbon tetrafluoride (CF4) ----- Photolithographic etchant ----- Env
Carbon trifluoride (CHF3) ----- Photolithographic etchant ----- Env

Chloride (Clz) ----- Photolithographic etchant ----- Env
Ferric chloride (FeCI3) Photolithographic etchant ----- Env ----

(shadow mask)
Hydrochloric acid (HCl) ----- Photolithographic etchant ----- Env
Isopropyl alcohol (IPA) ----- Glass cleaner ----- Env

. N-methyl pyrrolidone (NMP) ----- Photolithographic ----- Env
developer

Polyvinyl alcohol Photolithographic ----- Env -----
application of phosphors

Sulfur hexafluoride (SF/» ----- Photolithographic etchant ----- Env

D-7
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Table 2. Primary and ancillary materials or components meeting technology (T),
environment (Env), or energy (E) criteria

Materials Associate~components or process Decision
I criteri:a

CRT : LCD CRT LCD
Tetramethyl ammonium ----- Photolithographic ----- Bnv
hydroxide (TMAH) i developer

I .'I d d f

I

I·

n·s

T bl 3 M t . Ia e . a erIa S eXf:: u e rom analysIs
Material Associated component/application

CRT 1- LCD
I

Primary materials I

Aluminized mylar I Corner tape on backlight assembly

Brass Brass ring on neck assembly I Brass threaded standoff in backlight assembly

Foam rubber i Foam gasket in backlight assembly

Nylon ! Cable clamp, strain relief in backlight
assembly, clamp in backlight, bushing in
base/stand assembly

Paper 1 Caution label on rear plate assembly

Polysulphone Insulating rings on neck f
I

assembly i
:

Silicone rubber I Gaskets in LCD panel assembly, shock
I cushion in light assembly, rubber feet inI

I
base/stand assemblyI

I

Ancillary materials I

Nitrocellulose For frit application
,
I

binder

AmyI acetate For frit application

O2 Metal etchant

N2 I Metal etchant

Iodine Polarizer coating

,
I

The materials identified for inclusion in t~e CDP (Tables 1 and 2) are then prioritized
based on the decision rule hierarchy triangle. Those materials that are either: (1) >5% by mass;
or (2) of environmental/energy concern, fit into tHe top priority of _the upstream data collection
effort. Those materials that are either: (1)betwe~n 1-5% by mass; or (2) functionally important
and/or physically unique, fit into a lower priority of upstream data collection, but are still
included in the project. Those materials that are less than 1% by mass and do not meet the other
criteria listed above are excluded from the analysis. Currently, the materials falling into each
segment of the decision rule hierarchy are listed in Table 4.
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. In order to identify upstream inventory data to be used for the CDP, nine different data
sources (databases Or studies) were evaluated. The following nine were chosen based on UT's
experience in LCA, which included a comprehensive review of LCA databases (Menke et aL
1996), and from the scoping process for this project:

h. 't h'CDP t' I .r .t hI fT hI 4 S

• American Plastics Council (APC)
The APC is a major trade association for the u.S. plastics industry. APC is comprised of
24 of the leading plastics manufacturers in the United States with many members having
a strong global market presence. APC's membership represents 80% of the U.S. resin
production capacity (APC 1999). APC has collected LCI data that are expected to be
released in 1999 for polyethylene (PE), polypropylene (PP), high impact polystyrene
(lllPS), polyethylene terephthalate (PET), and polyvinyl chloride (PVC) resins and
polyurethane precursors (Hentges 1999). Data are mostly vintage 1991 or 1993 and cover
production in North America (Hentges 1999). Additional inventories from APC have not
yet been identified, although they are presumed to exist.

3.2 Data Sources Evaluated .

a e . ummary a e 0 pre lInmary rna erla s m priori ty lerarc LY

Top tier Middle tier Lowest tier (excluded)

Steel, CRT glass? IllPS, Ferrite-magnet, Silicone, Aluminized mylar, Brass, Foam
Polycarbonate, ABS, Polyester, Plexiglas, AI, Cu rubber, Nylon, Paper,
LCD glass, lead, Alz0 3, . Polysulphone, Silicone rubber,
Aquadag, Be, Bismuth oxide, Nitrocellulose binder, Amyl
Acryl epoxy resins (color filters), acetate, Nz, 0z, Iodine
Divinylbenzene resin, Frit, ITO,
Liquid crystals, Hg, Ni,
Phosphors, Polyimide, TFT
metals, TFT silicon materi.als,
W, BCI3, CF4, CHF3, Clz, FeCI3,

HCI, IPA, NMP, Polyvinyl
alcohol, SF6, TMAH

For the top priority materials, we obtained upstream inventory data from secondary
> sources where available. If no secondary sources were available, we attempted to collect primary

data or conduct further research from the literature. For materials in the middle tier, we
attempted to collect secondary data but gave less emphasis on including them if too many
resources were required. The top tier consists of materials greater than 5% by mass and all the
materials in Table 2. Each material in Table 2 was added to the list of materials for either
environmental or technological reasons and all except tungsten (W) were unique to a technology.
However, tungsten is also included in the top tier for potential environmental concern. As a
result, all the materials in Table 2 are of potential environmental concern and/or are both
functionally important and physically unique (see Figure 1).
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I
Association of Plastics Manufacturers in Europe (APME) ,,
APME is an industry body that has publish¢d inventory data on olefins, polystyrene (PS),
PE, PP, PVC, PET and polymethanes (APNm 1999), as well as ABS, Plexiglas,
polycarbonate, polyester, and polyimide (K1arlsson 1999).
Boo~~ !.
Dr. Ian Boustead is a well known LCA practitioner who developed the Boustead modd
and database that allows users to produce LCIs of complete systems. Boustead's focu8
areas are aerosols, automotive products, beverage containers, building materials, and the
plastics industry. The organization is based in the United Kingdom (Boustead 1999).
BUWAL
BUWAL is the Swiss Agency for the Environment, Forests and Landscape (BUWAL
1999). They have several published report~ on LCA. BUWAL 250 is an English version
of their LCI database of several common industrial materials.
Environmental Information and Management Explorer (EIME) .
This software design tool was developed by the Ecobilan group in conjunction with IBM,
Alcatel, Legrand, Schneider, and Thompsop. Ecobilan was founded in 1990 and has
offices in Europe and in the United States (Ecobilan 1999). Version 1.4 of EIME has
been released and the embedded database contains 170 modules on the most commonly
used materials and subcomponents of the electronic and electric industry (EIME 1999).
Industrial DEsign MATerials (IDEMAT) i
Dr. J.A.M. Remmerswaal and J. Rombouts; of the Delft University of Technology's
Section for Environmental Product Development produced this software with a database
of LCI data for various industrial materials~ There is a student version that was released
in 1995 that is available to the public at no icost, but the availability and cost of the '
complete version is yet undetermined by utr. This evaluation focuses on the student
version that was available to UT. I
New Jersey Institute of Technology (NJIT): Report
NJIT's "Lifecycle Assessment of Televisidn CRTs," (Caudill 1998) report is not a
database of upstream inventory data per ser however, it is a preliminary LCA that
includes LCI data for a CRT and therefore ~t Was considered for use in the CDP as an
upstream data source. . .
Personal Computer (PC) Ecolabel Report
This study was developed by Atlantic Consulting and lPU (Institute for Product
Development of the Technical University of Denmark) for the Ecolabel Unit of the
European Commission (AC and IPU 1998). The purpose of the report was to study
personal computers so that an ecolabel could possibly be established. Similar to the.NJIT
report, this is an LCA with inventory data applicable to the CDP, but it is not a traditional
database of upstream inventory data. Analysis of the inventory in the PC Ecolabel Report
for the purposes of the CDP was based on "Wersion 1.11 of the report downloaded from
their website in January of 1998. _ I '
United States Automotive Materials Partn~rship (USAMP)
Formed in June 1993, this partnership set out to conduct vehicle-oriented research and
development in materials and materials processing to improve the competitiveness of the
U.S. auto industry (USAMP 1999). The -qSAMP is conducting joint rese~ch tofurther
the development of lightweight materials for improved automotive fuel economy. The
major technology groups being studied are' polymer composites, light metals (including
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. aluminum, magnesium, etc.), engineered plastics, cast iron, steel and ceramics (USAMP
1999). The aluminum, plastics, steel and automotive industries are participating in a
collaborative LCI project to produce a quantitative database' of infonnation regarding all
the resources used to make, operate and dispose of a generic 3200-pound vehicle
(USAMP 1999).

3.3 Selection Criteria

For choosing which upstream data to use for the CDP, the following 11 criteria were
considered. Descriptions of each criterion and what is preferred for that category are presented
below:

1. Geograpllrlc boundaries - Describes whether the data are representative of Europe
and/or the United States. In general, U.S. data are preferred for this project, assuming most of
the materials for the monitors are extracted and processed in the U.S. However, be~ause some of
the CDP manufacturing is in Asia, materials may originate from non-U.S.locationslcountries.

2. Origin of data ~ Describes whether or not the data originate from primary or secondary
sources. Primary sources that are clearly identified are preferred.

3. Currency of data - This refers to the dates that represent the actual inventory data.
More recent data are preferred. If the date of the inventory data is not known, the date the
database was released is considered.

4. Public availability - Data are categorized as either public or private. Publicly available
data can be considered for the CDP.

5. When available - This describes whether or not the data are currently available and if
not, when they are expected to be available. Immediately available means the data are available
from the appropriate company or individual; however, more time may be required forUT to
obtain the data. Also provided under this criterion will be whether UT currently has some of the
data applicable to the CDP. Immediately available is preferred and further consideration is given
to data that UT already has in house.

6. Cost - Due to limited resources, cost is an important factor for determining which
upstream data should be obtained for the CDP. However, if possible, negotiations for or

. donations of data can be pllrsued as this is a collaborative project with industry andother
stakeholders. Least costly data are preferred.

7. Upstream life-cycle stages - Which upstream life-cycle stages are included from each
data source are identified, if possible. In some cases, the databases or reports address more th~
only upstream stages and other stages included will also be noted under this criterion. In the
results of this analysis, we will present the names of the life-cycle stages as they are labeled in
each respective data source. H?wever, such labels may not be consistent with the specific
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tenninology used in this report. For use in the CDP, we prefer data sources that include materials
extraction, materials processing, and associated transportation.

8. Aggregation of data - This describes wh~ther or not the data from the various life-cycle
stages are aggregated into one set of inventory nU~bers or how the data are aggregated. With
less aggregation, the CDP will better be able to prfdict impacts particular to a specific life-cycle
stage. Therefore, less aggregation is preferred. F<;>r some of the reports considered in this
analysis, processes may also be aggregated for an :entire product or component and therefore it is
difficult to separate out the inventory for one particular material. The advantage of material
specific LCI databases is that the data are not aggregated into a larger component or product.

,

9. Input/output categories - This lists which categories of inputs and outputs are included
in the database or report (e.g., non-renewable resources, fuel and energy inputs, water use, air
emissions, water effluents, solid/hazardous waste~). Ideally, the input and output categories
would match those defined for the CDP that will ~e used to calculate the impacts. The LCIi\ TM
(Socolof 1999) describes the impact categories a~d how the inventory data will be used to
calculate impacts. Also of interest is whether the!outputs within each category are chemical
specific. The more speciated the chemicals, the qlore desirable the data. ill some cases, chemical
groups or categories of chemicals are provided. The CDP LCIA methodology requires chemical-
speciated data to calculate most impacts. I

I

10. Data quality indicators - If the data soutce provides an indication of its data quality, this
will help detennine the data quality of the CDP. ;rn several cases, we were not able to discern
whether there were.data quality indicators for a particular data set. If the data source provides
some indication of data quality, this can then be ihcorporated into the CDP's data quality
indicators for the upstream data. :

11. CDP materials included -These are the: materials that have been identified in Set. 3.1.3,
which constitute the initial list of materials of inthest in the CDP. They were cross-referenced
with each data source under consideration. Pref~rred data sources are those with the greatestI . .

number of materials of ~nterest to the CDP. I
Each database or report was reviewed based on available information, and in some cases,

I

limited information was available. This exercise: was not intended to be a comprehensive review
of each database, because we w~re not able to parchase each source. It was intended to be a
cursory review of available data sources toassist: in the decision of which inventory data to
obtain and include in the CDP for the upstream Hfe-cycle stages. When we could not obtain a
database, our review was based on information a,'vailable on company websites, other available
literature on the database, personal contacts with company representatives, or third parties who
have had experience with using a particular database.

Based on all this information, preferred data sources were identified. All factors were
considered, including expected data quality and cost. The first most important criterion was
whether the data source included many of the materials of interest to the CDP. Although
additional materials may be identified during th~ concurrent CDP data collection efforts, we
expect that the majority of materials of interest liave already been identified.

I
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·4. RESULTS

Using the CDP decision rules, we initially identified approximately 40 materials
(including some material groups) for which upstream data inventories should be included in the
CDP LCA (Sect. 3.1.3). Nine data sources were evaluated to determine which upstream data
would be used for these and other materials that might be identified. Tables 5 and 6 present a
comparison of the data sources evaluated. Table 5 lists the first ten critena presented in Sect.
3.3, which are related to the type of data provided, availability of the data, and cost. Table 6
cross-references the materials of interest in the CDP to the materials found in the various data
sources (the 11 th criterion in Sect. 3.3). Together this information was used to identify which
data are preferred for use in the CDP as upstream inventory data.. Brief discussions of each data
source and a final conclusion are presented below.

Referring to Table 5, APC data ~e not yet available and it is uncertain if they will be
available as scheduled, as they were expected to be released in previous years but were not.
Therefore, APC is not considered further in this analysis. USAMP inventory data, which were
intended only for participating organizations is not a publicly available data set. Therefore,
USAMP as a source of upstream data for the CDP is also excluded from further analysis. The
remaining seven data sources are evaluated by analyzing Tables 5 and 6.

The eleven criteria described above (Sect. 3.3) can be condensed into three major areas:

• Cost;
• Data quality; and
• Applicability to CDP.

Each source will be described in terms of these criteria, without giving a particular weight to any
one over another. Note that the "data quality" criterion is a combination of the origin of the data,
the currency of the data, the upstream life-cycle stages included, data quality indicators, and to
some extent, the geographic boundaries of the data (see Table 5). The"applicability to the CDP"
criterion depends on which upstream life-cycle stages are included, how the data are aggregated,
what input and output categories are included (including whether or not the output data are
speciated), whether data quality indicators are provided, and which materials of interest to the
CDP are included. .
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Table 5. Selected criteria of upstream data sources
APC APME Boustead BUWAL250 EIME IDEMAT NJITLCA PC Ecolabel UPAMP

Geographic U.S. Europe Europe Europe U.S. & Europe Netherlands & U.S. Europe U.S.
boundaries Europe

Origin of Unknown Primary Primary Secondary Majority is Unknown Secondary Secondary Unknown
data primary, some

secondary

Currency 19905 19905 Unknown 1996 19905 (varies) Second Student 19705 - 19905 Not completely 19905
of data (varies per version, released determined, but

material) in 1995 most appear to be
19905

Public Public Public Public Public Public Public (student Public Public Public
availability version); unknown

for complete
version

When Expected to Immediate Immediate Immediate (UT Immediate Immediate (UT Interim report Version 1.11 Not
available be released (UThas 2 has 6 has 9 applicable immediately immediately available

in 1999 applicable applicable materials; available (UT has available (UT has to public
materials) ~terials) unknown if copy) copy)

complete version
-- -- - - -_..- -_.- ...- ~_._~ .._--

~.~- - .~ -- - - can-be obtained)- - _._.- --

Cost No cost No cost - $10,000 - $250 - $7,500; > No cost, unknown No cost Version 1.11 no Not
$5,700 for for complete cost; - $75 for available
universities version final report to public
(Negotiable)

Upstream Unknown Raw Process Pre- Extraction, Production, which Material extraction Material Unknown
life-cycle material operations combustion, processing, includes and material production,
stages extraction, (including combustion + transportation transportation synthesis manufacturing,

material fuel processes, when noted, and transport, use,
processing, production) trailsports not clear if EOL
transport and transport extraction included

ooerations

------------------ -----------------------~-"---~~-------_.~-------_.~------------------------------
.. . .



Table 5. Selected criteria of upstream data sources

APC APME Boustead BUWAL250 EIME IDEMAT NJITLCA PC Ecolabel UPAMP

Aggregation Unknown Some data Often Aggregated as Aggregated Each material Process specific; Aggregated by Unknown

of data presented as classified "LCI" or over all aggregated for all sometimes a few major computer
process- into several "energy upstream life- life-cyCle stages subprocesses are components (e.g.,
specific processes: consumption," cycle stages for for the following aggregated monitor) for each

e.g., fuel fuel latter each module categories: life-cycle stage, not

production, production; subclassified (material) into processes, thermal process or material
transport, fuel use, (e.g., final impact energy, electrical specific
process) transport energy source, categories, energy, and

operations, energy supply, system transports
process final process administration
operations energy, can access LCI

transport) data separately

Inputl Unknown Energy, Gross Commercial Natural Material inputs Raw material and Resource Unknown

Output primary energy, fuels resources, resources, (including water), energy inputs; solid, consumption (raw

categories fuels, and primary fuels feedstock energy, water energy inputs; air, air, and waterborne materials)~ air

raw material & resources, inputs; air, water, and solid waste outputs; emissions, water
inputs; air, feedstocks: materials used water, outputs; mostly outputs as chemical emissions, and
water, and raw in final stage, hazardous unspeciated categories and some waste; includes
solid waste materials; tp.ain product, waste outputs; outputs speciation chemical ,

emissions; water use; co-products, outputs categories, but also

outputs air, water usable wastes, relatively well very well speciated
mostly solid waste waste . speciated
unspecified emtSSlOns; treatment;

outp.uts__~ outpU1s_,~~.
-_.~~-- ~-~--

~~·c"""""_~_,__c~ --
provided as providedas

i chemical chemical
categories categories and
and several as some
speciated speciated
chemicals chemicals

,



Table 5. Selected criteria of upstream data sources

APC APME Boustcad BUWAL250 EIME IDEMAT NJITLCA PC Ecolabel UPAMP

Data Unknown All Not Unknown Provides high, Unknown Data were gathered Unknown Unknown

quality calculations provided, but medium, and on each material,

indicators were data quality low measures carefully citing

referred believed to ofreliability of notes and
back to be the data references which
participatin moderately document the
gcompanies good (above original sources

before average as
being used compared to

other
available
sources)

Key:
APC = American Plastics Council
APME = Association of Plastics Manufacturers.in Europe
EIME = Environmental Information and Management Explorer
IDEMAT = Industrial DEsign MATerials
NJIT = New Jersey Institute of Technology
USAMP =_U.S_Automotive_MaterialsJ>artnership_._ --_._- _._~_.~- _.- -- --_...._~ ..- _ ... __ .. - - .._- - -- - - - -- _._-

-

-----------_.- ----------------- -------------------~--------- ---------------~----------~------ -------------
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4.1 Data Source Reviews

APME data are European-based, of moderate quality, and available for free. However,
the data are mostly limited to materials of interest to the plastics industry and therefore only
apply to 7 materials of interest to the CDP. The materials covered by APME constitute' 17% of
the product weight of the CRT described in Figure 2 and 49% of weight of the LCD in Figure 3.

The Boustead data are very expensive, of moderate quality, and include several materials
of interest for the CDP, including most of the major product materials by weight of the CRTs and
LCDs (55% and 85%, respectively, see Table 6). The significant material missing for the CRT
is the leaded glass, which is approximately 39% of the mass of the monitor. The Boustead data
include two of the ancillary materials that have been identified fOf the CDP, but do not include
several of the other materials identified for potential environmental concern. The Boustead data
are moderately equipped with speciated chemical data as required for the CDP. Data are
aggregated for all upstream stages, but are also available as some individual upstream inventories
(e.g., transport operations, process operations). Although data quality indicators are not provided
by Boustead for the data, the Center for Clean Products and Clean Tecpnologies assesses it as
above average based on comparisons with other databases reviewed.

Table 6. Cross-reference of preliminary CDP materials and
potential upstream data sources

APME Boustead BUWAL EIME 4 IDEMAT8 NJIT PC
250 Ecolabel

Primary Materials

1 ABS Y Y Y(APME) Y Y Y

2 Aluminum Y Y Y Y Y Y

3 Aluminum oxide Y Y Y(BUWAL)

4 Aquadag

5 Beryllium y.

6 Bismuth oxide Y (C)9

7 Color filters (acryl epoxy y 5

resins)

8 Copper Y Y Y Y Y

9 Chromium (TFf metal) mining, (Y) Y
chromite ore

10 Divinylbenzene resin

11 Ferrite-magnet yZ > y6 Y

12 Frit Y

13 Glass, borosilicate (LCD) Y Y Y (Y) Y

14 Glass, lead oxide (CRT) Y Y

15 Indium-tin oxide - ITO

16 Lead, Y Y Y Y Y

17 Liquid crystals Y

18 Mercury Y(C)

19 Molybdenum (TFf metal) (Y) Y

20 Nickel Y Y Y
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Table 6. Cross-reference of preliminary CDP materials and
potential upstreJm data sources

1. The percent mass contribution of the pnmary matenals were summed to identify the total percent of the momtor by mass that
is covered by each data source.
2. Inventory data are available for iron, which is assumed to represent ferrite-magnet.
3. The tally of chemicals for Boustead excludes mining chromite, ore for chromium.
4. Cells with a Y and the name of a data source [e.g., "Y (APME)" ] indicate the data source that EIME obtained that particular
inventory from, if that source is included elsewhere in this table. !"(Y)" represents materials that are expected in EIME's
forthcoming update. i
5. "Epoxy resins" assumed to be for color filters (acryl epoxy reSins). .

I
6. The EIME database does not have ferrite-magnet listed, but itdoes have ferrites MnZn as a mateiral inventory.
7. The frrst value represents the current EIME dataset and the vaJue in parenthesis indicates materials expected in the
forthcoming update. .
8. The student version of IDEMAT was the source investigated. :"C" (for "complete") indicates cases where IDEMAT has the
inventory on a given material only in the complete version.
9. Bismuth
10. The first value is for the student version and the value in parlhenthesis is for the complete version..
11. The study only listed polystyrene (PS) and did not indicate if it was high-impact polystyrene (HIPS).

APME EIME 4 IDEMAT 8
_.

Boustead lJUWAL NJIT PC,
250 Ecolabel

21 Phosphors: e.g., ZnS, YzOz
22 Plexiglas [polymerization of Y Y(APME)

methyl ester (methyl
methacrylate)]

23 Polyimide Y I Y(APME),

24 Polycarbonate Y Y
I

Y(APME) Y Y Yl'
25 Polyester Y I Y(APME) Y(C)I

26 Polystyrene-HIPS Y Y I Y Y(APME) Y Y y ll

27 Silicon TFr materials: e.g., I Y Y(C)
SiNx, Si02 i

28 Silicone
,
I Y

29 Steel Y Y Y(BUWAL) Y(C) Y Y

30 Tungsten (TFf metal) Y y

Ancillary Materials

31 Boron trichloride

32 Carbon tetrafluoride

33 Chlorine Y : Y

34 Ferric chloride i
I

35 Hydrochloric acid Y I Y

36 Isopropyl alcohol I

37 N-methyl pyrrolidone
I

I

38 Polyvinyl alcohol i
I

39 Surfur hexafluoride I,

40 Tetramethyl ammonium

Ihydroxide

Totals 7 12 3 I 6 18 (21) 7 12(17)10 8 12

% contribution of CRT primary 17 55 I 46 56 25 (52) 10 91 94
materials >= 1% by mass I

% contribution of LCD primary 49 85 57 88 (97) 7 38 (96) 10 76 76
materials >= by mass 1
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, BUWAL 250 is a relatively inexpensive database that is also European data and believed
to be from secondary sources. Therefore, the data quality is marginal and its applicability to the
CDP is also relatively low as it only appears to cover the least number of materials of interest.
Some,chemical speciation is provided as output data and the inventories are aggregated over the
upstream processes. '

EIME appears to be the best candidate for the purposes of the CDP as it is targeted
specifically for the electronics industry and includes many of the materials of interest to the CDP
(Table 6). The current version includes 18 materials and, with forthcoming updates to the
database, there are expected to be 21 materials covered (Karlsson 1999), representing 56% of the
materials by mass of the CRT and 97% of the LCD. The low CRT percent is again due to the
lack of leaded glass, which is 39% of the CRT. These data also include important materials not
included in the weight criterion such as liqUid crystals, lead, silicon materials, and color filters.
Each of these, with the exception of lead are not found in any other data sources reviewed. The
EIME inventory output data appear to be relatively well speciated, but the inventory data in
general cannot be separated into each upstream life-cycle stage. The data quality is adequate as
some data are from the U.S. and from primary sources. The data specific to the electronics
components are from the five industrial partners and their suppliers, while some of the other
common industrial materials were obtained from other LCI databases (EIl\.1E 1999). The cost is
relatively high; however it covers the cost of the entire life-cycle software tool. Discussions with
Ecobilan representatives have revealed their willingness to negotiate for the use of some material
inventory data, provided we supply our results to them in a desirable format. Alternatively, we
would be required to purchase the entire software package to obtain the desired inventory data.

The student version of IDEMAT is another free set of data that is European-based. The
true quality of the data is not yet well determined by UT. Several (12) CDP materials are
included in the student version, and it is believed that 17 would be covered with the complete
version. IDEMAT has a few materials, metals 'in particular, that are not found in any of the other
data sources reviewed.

The NJIT LCA report provides only eight material inventories relevant to the CDP;
however, because it is an LCA of a television with a CRT, it includes leaded glass, whiCh is not
commonly found in existing databases. Some of the inventory data, which are U.S.-based, are
from relatively old secondary sources (circa 1970). FUrthermore, notall outputs are quantified.
The report includes two upstream life-cycle stages: materials extraction and "materials synthesis"
(referred to as "materials processing" in the CDP). Transportation within these upstream'stages
is not included. Data are easily identified per material, and some chemical speciation is included.
This report does not provide sufficient amount of upstream data to be used exclusively, but given
that it is'available at no cost, it may supplement missing data (e.g., leaded glass).

The PC Ecolabel LCA is a report that includes 12 of the materials of interest in the CDP
in its study and has very well speciated output data. UT has obtained a copy of Version 1.11 at
no charge. It is based on European data and of undetermined quality.' This was a study that was
intended to present results of the life-cycle impacts of a PC and is not intended to be a database
of material inventories. UT chose to evaluate this as a potential source for upstream data because
of the relevant subject matter of the LCA. And although it covers several materials of interest,
the inventory data cannot be separated into individual material inventories. Data are,presented
for different life-cycle stages, but not provided on a material basis. Therefore, this report could
be helpful for checking our final results of the LCA, but not for providing upstream inventories
of specific materials.
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4.2 Conclusion

i
To identify the priorities for using upstrearh data, we would prefer to use as much data

from one source as possible to help ensure consist~ncy and thus improve the data quality of the
results of the CDP.. We have selected to target EIME as the primary source of upstream data.

I

However, what is seen from the information in Table 6 is that no one data source will completely
encompass the product materials of the CDP. Tw6lve of the 40 materials were not covered by

. I . •

any data source. EIME includes the greatest num~er, yet even including the expected updates to
EIMB, ten primary materials and nine ancillary materials are not covered by EIMB. Four of the
ten primary materials and eight of the nine ancillafy materials were not covered by any other data
sources. Six materials that are not in EIME are b91ieved to be in other data sources. These
include the following: beryllium, bismuth oxide, frit, leaded glass, mercury, and tungsten.
Beryllium and tungsten are in the student version of IDEMAT and bismuth and mercury are in,

I '

the complete version of IDEMAT. The NJIT and iPC Ecolabel studies include leaded glass and
the PC Ecolabel study also includes frit. The NJIT report, however, does not quantify the outputs
from leaded glass production. Furthermore, becaJse the PC Ecolabel study's inventory is

I "
aggregated over the whole monitor, individual inventory data cannot be produced for the specific
materials. Therefore, IDEMAT data and the quantified inputs from the NJIT report may help
supplement the EIME data.

Subsequent work for the CDP revealed th~t Ecobalance also had DEAM data available
that supplemented the EIME data, both of which tere listed as upstream data sources for this
project. Procuring EIME requires negotiations w~th Ecobilan for a reduced price. This will
begin subsequent to the final approval of this TM!by EPA and the CDP Core and Technical
Work Groups. In the event we cannot procure thd EIME data for a reduced price, we will try to

I '

rely on the no cost options of APME, IDEMAT apd NJIT data. Together, these three data
sources cover 17 materials with the IDEMAT stu~ent version or 20 with the complete version.
Relying on several material inventories from each of the three sources will reduce consistencyin
our ups'tream data and thus reduce the data quality in the CDP. For materials not included in the
data sources obtained, UT will attempt to find the data from primary or secondary sources.

5. LIMITATIONS AND UNCERTAINTIES

Information on the different databases were from personal communications, websites, and
in some cases, review of selected inventories obt~ined for a database. Copies of the NJIT and
Ecolabel reports were available for review. This Fvaluation of upstream sources was not
intended to be a comprehensive assessment of each data source, but instead a cursory review to

I
evaluate which data to pursue. Therefore, there remain uncertainties to the information presented
in this TM, but it is believed that adequate inf0rr4ation was available to make recommendations
in this report. ,

Using secondary data will also have an effect on the limitations of the CDP results.
Using secondary data that are not tailored to the ~pecific goals and boundaries of a project limits
the quality of the data. However, due to the large data collection efforts in the LCA, priorities are
given to collecting data. Thus, secondary sources have been chosen for upstream inventories and
primary sources will be approached for monitor and component manufacturing data, as well as
some end-of-life processes. :
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Once the upstream data are incorporated into the CDP, limitations in those databases will
be transferred to limitations in the CDP. Furthermore, the use of more than one database (e.g.,
EIME supplemented by NJIT and IDEMAT) will reduce consistency in our upstream data and
thus somewhat reduce the data quality in the CDP. However, it should be noted that the
upstream data are only one portion of the overall inven~ory of the product systems being
evaluated..
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ABS =
APC =
APIv:1E =
HUWAL =
CDP =
CRT =
DEAM =
El1v:fE =
IDEMAT =
IPA =
IPU =
HIPS =
LCA =
LCD =
LCI =
LCIA =
LDPE =
NJIT =
NMP =
PC =
PS =
PE =
PET =
PP =
PVC =
PWB =
TFf =
TM =
TMAH =
USAMP =

ACRONYMS/ABBREVIATIONS

Acrylonitrile butadiene styrene
American Plastics Council i
Association of Plastics Manufacturers in Europe
The Swiss Agency for the Environment, Forests and Landscape
Computer Display Project I

Cathode ray tube ~
Database for environmental Analysis and Management
Environmental Informatiori and Management Explorer
Industrial DEsign MATeriill.s
Isopropyl alcohol I
Institute for Product Development of the Technical University of Demnark
High impact polystyrene :
Life-cycle assessment
Liquid crystal display
Life-cycle inventory I

Life-cycle impact assessm~nt
Low density polyethylene I

. I
New Jersey Institute of Teahnology
N-methyl pyrrolidone I
Personal computer
Polystyrene
Polyethylene
Polyethylene terephthalate·
Polypropylene
Polyvinyl chloride
Printed wiring board
Thin-film transistor
Technical memorandum
Tetramethyl ammonium hydroxide
United States Automotive Materials Partnership
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APPENDIXE

TECHNICAL MEMORANDUM:
Electrical Energy Grid Life-Cycle Inventories for the CDP

1. INTRODUCTION

1.1 Background

The U.S. Environmental Protection Agency's (EPA) Design for the Environment (DfE)
Program Computer Display Project (CDP) is conducting a combined Cleaner Technologies
Substitutes Assessment (CTSA) and life-cycle assessment (LCA) to evaluate the relative
environmental impacts, cost, and performance of cathode ray tube (CRT) and active matrix liquid
crystal display (AMLCD) desktop computer monitors. Initially the project is conducting an LCA

,to determine the relative potential environmental irilpactsof the monitors, including impacts
from materials extraction, materials processing, manufacturing (monitor and components), use,
and end-of-life disposition. Transportation information is also included within and between each
stage.

LCA has fourmajor components:

1. goal definition and scoping,
2. life-cycle inventory (LCI),
3. life-cycle impact assessment (LCIA), and
4. improvement assessment.

The LCI is a collection of inputs (materials, energy, and other resources) and outputs (products,
wastes and emissions) for processes throughout the product's life cycle. The LCIA characterizes
the potential relative impacts of these inputs and outputs per functional unit, where the functional
unit is defined iIi this project as one monitor over its lifetime. Improvement assessment is the
component where those who are in the position to make changes in either the design or
manufacture of the productreview the results and decide on ways to implement environmental
improvements.

The focus of this technical memorandum. (TM) is on the LCI component of the LCA.
Established LCI methodology accounts for electricity requirements throughout the life cycle of a
product system. Wherever electricity is used in a process in the product system, the LeI typically
includes the inputs and outputs from'the generation of that electricity. This TM presents the
input and output inventory data that are used to calculate the impacts from electricity generation
for the CDP. The inventory data were developed by the University of Tennessee Center for
Clean Products and Clean Technologies (CCPCT) from existing data for the various fuels (e.g.,
coal, petroleum) used by electric utilities around the United States. Two inventories illustrate the
amount of materials consumed (inputs) and pollutants released (outputs) to generate one
kilowatthour (kWh) 'of electricity, based on the average U.S. and the average Japanese electrical
grids. The data are presented in units of grams of material input or emission output per kWh
(glkWh) in almost all cases, excluding radioactive emissions which are presented in Becquerels
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per kWh [BqIkWh, where a Becquerel is the Syst~rve Intemationale (SI) unit for radioactivity].
All of the inputs and outputs in the electric grid illventories have been multiplied by the
electricity consumption rate for each process in the product system where electricity is used.
These input and output data are not used with LCI data collected from secondary sources that
already include inputs and outputs from electricity generation. The two electric grid inventory
data sets presented in this TM are for the averageD.S. electrical grid and the average Japanese
electric grid. i

1.2 Boundaries of the Analysis

In addition to the geographic boundary (i.e., u.s. and Japanese data only), the boundaries
I .

of the data presented in this TM are defined by th~ generation categories included in the analysis
(e.g., coal, nuclear) and the life-cycle stages evalllated for the various generation categories (e.g.,
extraction, generation). A U.S. electric grid inve~torywas developed first and the Japanese grid
inventory is simply a modification of the U.S. in~entory, which applies the average Japanese
electric grid to the input and output data found fot the United States. This will not account for
any effects of different control technologies used:in Japan compared to the United States. The
majority of this TM focuses on collecting U.S. d*a, and mentions when the Japanese grid is
applied. . I

Table 1 presents the electricity generation' categories, associated fuels types, percent
I

breakdown for U.S. electricity generation in 1997 and whether or not that category is included in
this inventory. (While 1998 is the target year for the overall CDP, this TM was targeted for 1997
as almost no data could be obtained that was relative to 1998.) Coal is the dominant generation
category and fuel type in the U.S., accounting fotover 55 percent of 1997 electricity production.
Non-renewable fuels (coal, gas, petroleum, and uranium) plus water (for hydroelectric plants)
together provide greater than 99 percent of U.S. ~lectricity. Table 1 also lists the average
Japanese breakdown of fuels. i'

Table 1. Fuel Types Used to Generate Electricity in U.S. and Japan in 1997
Generation Fuel U.S. Generation Japanese Included in Elec~tric

Category % Breakdown % Breakdown Grid Analysis?

Coal Coal 57.23% 18% Yes

Gas Gas 9.07% 20% Yes

Petroleum Petroleum 2.53%; 21% Yes

Nuclear Uranium 20.14% 31% Yes

Hydro Water 10.79% 9% No --
Renewables Wind, biomass, 0.24% 1% No

heat from sun,
heat from earth

Total 100% 100%

Sources: EIA 1999a, EIA 1997.

Individual input and output inventories were developed for each of the generation
categories listed in Table 1, except hydro and renewables. Hydroelectric facilities, which
constitute nearly 11% of the U.S. electric grid, were excluded due to the scarcity of data on
hydroelectric inputs and outputs. Known impac~s of hydroelectric facilities primarily relate to
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reservo.ir formation, which includes habitat destruction and its concurrent effects on biodiversity,
and the generation of the greenhouse gases methane and carbon dioxide from the flooding of
wetlands during and after reservoir formation. Habitat destruction is not included as an impact
category per se within the CDP LCIA methodology (see Chapter 3 of main report), but global '
warming is included. Furthermore, EPA has concluded there is currently no adequate basis for
estimating the emissions and sinks from the flooding of wetlands (EPA 1998a).

Renewables were excluded because they accounted for only a small fraction (0.24%) of
total U.S. electricity production in 1997., In addition, little or no data exist on material inputs and
pollutant outputs for renewable electricity generation processes.

The following life-cycle stages are associated with electricity generation:

• Extraction of ores and fluids from the earth and arty necessary transportation to the initial
processing point (Materials Extraction);

• Initial and secondary processing of those ores/fluids into usable fuels, andthe associated
transportation between processing points and to the generating stations (Materials
Processing);

• Combustion or use of the fuel and the onsite control of pollutants, and transmission and
distribution of the generated electricity to the points of use (Manufacturing);

NOTE: This description excludes the process flows ofrenewable energy sources.

Little ~r no data were available for the extraction and initial and secondary processing of
ores and fluids into fuels, except for some data for coal extraction' and processing. Therefore,
most of the electrical grid input and output data presented in this TM only include the
manufacturing life-cycle stage (generation and transmission and distribution of electricity) as
shown in Table 2.

Table 2. Fuel Life-Cycle Substages Captured in Electric Grid LCI Data
Life-Cycle Substages Coal Gas Petroleum Uranium

Extraction P N N N

Transport to Initial Processing N N N N

Initial Processing P N N N

Transport to secondary processing NA NA NA N

Secondary processing NA NA NA N

Transport to generating stations N N N N

Electricity generation I I I I

Transmission and pistribution I I I I

I = Included in inventory; P = Partially included in inventory; N = Not mcluded m mventory; NA = Not applIcable.

It should also be noted that this electric grid inventory relates only to utility-based
generation. Electric power generation in the Unites States can be broken down into two main
categories: utility and nonutility. In simplified terms, most electricity generating entities that are
not classified as utilities fall in the nonutility category, and include many cogeneration facilities
and small and independent power producers. About 65% of nonutility production is attributed to
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2. RESULTS SUMMARY

E·4
I
,

Organization of the TM

!

Table 3a presents the primary and ancillary materials consumed and products and
environmental burdens produced during the generation of 1 kilowatthour (kWh) in the United
States, based on the nationa11997 generation percent breakdown (see Table 1). Similarly, Table
3b presents the inventory for the Japanese grid. All inputs and outputs listed in Tables 3a and b
are presented on a per kWh basis.

Section 3 of this TM discusses the methods used· to calculate the nationwide U.S. electric
grid inventory data. Spreadshe~ts were used to organize and manipulate all of the inventory data,
and those spreadsheets are shown in Attachments A through E and contain supporting data
source, assumptions, and limitations information.

The remainder of this document provides supporting information on the development of
the electric grid data. It is organized into six sectidns: results summary, methodology, fuel
specific results, data sources and quality, limitations and conclusions. Supporting tables are
presented as necessary in the Appendices.

the manufacturing sector (EIA 1998a), and nonutility production as a whole constitutes just over
10% of the total power produced by the electric po~er industry. The inputs and outputs of
nonutility electricity production are excluded here flue to a lack of detroled data on the associated
emissions and wastes. I .

I

I
I

1.3
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Table 3a. U.S. Electricity Generation Inventory [inputs and outputs per kWh (3.6 MJ)]

Material Quantity Units Input/output Input/output type Disposition

PRIMARY INPUTS

Coal, avg. (in ground) 2.83E+02 G Input Primary material

Natural gas 2.20E+Ol G Input Primary material

Petroleum (in ground) 5.99E+00 G Input Primary material

Uranium, yellowcake 7.64E-03 G Input Primary material

ANCILLARY INPUTS

Lime 1.67E+00 G Input Ancillary material

Limestone 3.79E+00 G Input Ancillary material

Water 1.79E+03 G Input Water

PRODUCT

Electricity 1.00E+00 KWH Output Energy

AIR EMISSIONS

1,1, I-TricWoroethane 3.02E-06 G Output Airborne air

1,2-Dichloroethane 5.65E-06 G Output Airborne air

2,3,7,8-TCDD 2.02E-12 G Output Airborne air

2,3,7,8-TCDF 7.20E-12 G Output Airborne
"

air

2,4-Dinitrotoluene 3.96E-08 G Output Airborne air

2-Chloroacetophenone 9.89E-07 G Output Airborne air

2-Methylnaphthalene 4.20E-09 G Output Airborne air

5-Methyl chrysene 3.11E-09 G Output Airborne air

Acenaphthene 8.94E-08 G Output Airborne air

Acenaphthylene 3.55E-08 G Output Airborne air

Acetaldehyde 8.05E-05 G Output Airborne air

Acetophenone 2.12E-06 G Output Airborne air

Acrolein 4.lOE-05 G ", Output Airborne air

Anthracene
.'

3.07E-08 G Output Airborne air

Antimony 6.87E-06 G Output Airborne air

Arsenic
.,

5.9IE-05 G Output Airborne air

Barium 3.24E-06 G Output Airborne air

Benzene 1.84E-04 G Outpu~ Airborne air

Benzo[a]anthracene 1.46E-08 G Output Airborne air

Benzo[a]pyrene 5.37E-09 G Output Airborne air

Benzo[bJ ,k]fluoranthene 1.68E-08 G Output Airborne air

Benzo[g,h,i]perylene 5.68E-09 G Output Airborne arr

Benzyl cWoride 9.89E-05 G Output Airborne air

Beryllium 3.01E-06 G Output Airborne air

Biphenyl 2.40E-07 G Output Airborne air

Bromoform 5.51E-06 G Output Airborne air

Bromomethane 2.26E-05 G Output Airborne air
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Table 3a. U.S. Electricity Generation Inventory [inputs and outputs per kWh (3.6 MJ)]
Material Quantity Units Inpnt/output Input/output type Disposition

Cadmium 7.59E-06 G Output. Airborne air

Carbon dioxide 7.00E+02 G Output Airborne air

Carbon disulfide 1.84E-05 G Output Airborne air

Carbon monoxide 1.27E-Ol G Output Airborne air

Chloride ions 2.86E-04 G . putput Airborne air

Chlorobenzene 3.1lE-06 G Output Airborne air

Chloroform 8.33E-06 G putput Airborne air

Chromium (Ill) 3.83E-05 G putput Airborne air'

Chromium (VI) 1.14E-05 G Output Airborne air

Chrysene 1.6lE-08 G putput Airborne air

Cobalt 1.91E-05 G putput Airborne air

Copper 1.57E-06 G Output Airborne air

Curnene 7.49E-07 G Output . Airborne air

Cyanide (-1) 3.53E-04 G 'Output Airborne air

Di(2-ethylhexyl)phthalate 1.03E-05 G Output Airborne air

Dibenzo[a,h]anthracene 1.38E-09 G Output Airborne air

Dichloromethane 4.IOE-05 G ,output Airborne air

Dimethyl sulfate 6.78E-06 G Output Airborne air

Dioxins, remaining unspeciated 9.21E-11 G Output Airborne air

Ethyl Chloride 5.93E-06 G Output Airborne air

Ethylbenzene 1.33E-05 G Output Airborne air

Ethylene dibromide 1.70E-07 G Output Airborne air

Fluoranthene 1.06E-07 G Output Airborne air

Fluorene 1.32E-07 G Output Airborne air

Fluoride 3.08E-05 G Output Airborne air

Formaldehyde 1.33E-04 G Output Airborne air

Furans, remaining unspeciated 1.47E-I0 G Output Airborne air

Hexane 9.46E-06 G Output Airborne air

Hydrochloric acid 1.70E-Ol G Output Airborne air

Hydrofluoric acid 2.12E-02 G Output Airborne air

Indeno(1,2,3-cd)pyrene 1.04E-08 G •Output Airborne air

Isophorone 8.19E-05 G •Output Airborne air

Lead 2.0lE-05 G : Output Airborne air

Magnesium 1.55E-03 G Output Airborne air

Manganese 7.18B-05 G Output Airborne air

Mercury 1.18E-05 G Output Airborne air

Methane 1.02E+00 G ! Output Airborne air

Methyl chloride 7.49E-05 G : Output Airborne air

Methyl ethyl ketone 5.5lE-05 G ; Output Airborne air

E·6



APPENDIXE

Table 3a. U.S. Electricity Generation Inventory [inputs and outputs per kWh (3.6 MJ)]
Material Quantity Units InputJoutput InputJoutput type Disposition
Methyl hydrazine 2.40E-05 G Output Airborne air

Methyl methacrylate 2.83E-06 G Output Airborne air

Methyl tert-butyl ether 4.94E-06 G Output Airborne air

Molybdenum 9.20E-07 G Output Airborne air

Naphthalene 2.88E-06 G Output Airborne air

Nickel 1.08E-04 G Output Airborne air

Nitrogen oxides 1.85E+00 G Output Airborne air

Nitrous oxide 5.35E-03 G Output Airborne air

o-xylene 8..99E-08 G Output Airborne air

PM-lO 9.lOE-02 G Output Airborne air

Phenanthrene 3.95E-07 G Output Airborne air

Phenol 2.26E-06 G Output Airborne air

Phosphorus (yellow or white) 7.80E-06 G Output Airborne air

Propionaldehyde 5.37E-05 G Output Airborne air

Pyrene 5.25E-08 G Output Airborne air

Selenium 1.84E-04 G Output A,irborne air

Styrene 3.53E-06 G Output Airborne air

Sulfur dioxide 3.93E+00 G Output Airborne air

TOes, remaining unspeciated 9.07E-03 G Output Airborne air

Tetrachloroethylene 6.07E-06 G Output Airborne air

Toluene 4.00E-05 G Output Airborne air

Vanadium 2.77E-05 G Output Airborne air

Vinyl acetate 1.07E-06 G Output Airborne air

Xylene (mixed isomers) 5.23E-06 G Output Airborne air

Zinc (elemental) 2.40E-05 G Output Airborne air

WATER RELEASES

Sulfate ion (-4) 1.08E-Ol G Output Waterborne- surface water

Suspended solids 2.80E-03 G Output Waterborne surface water
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Table 3a. U.S. Electricity Generation Inventory [inputs and outputs per kWh (3.6 MJ)]
Material Quantity Units Input/output Input/output type Disposition

WASTE

Coal waste 8.0lE+Ol G Output Solid waste landfill

Dust/sludge 3.10E+Ol G Output Solid waste landfill

Flylbottom ash 2.00E+Ol G Output Solid waste landfill

Low-level radioactive waste 2.77E-03 G Qutput Radioactive waste landfill

Uranium, depleted 8.30E-04 G Output Radioactive waste landfill
,

RADIOACTIVE AIR EMISSIONS i

Argon-41 (isotope) 2.5lE+Ol Bq Output Radioactivity air

Bromine-89 (isotope) 2.91E-06 Bq Output Radioactivity air

Bromine-90 (isotope) 1.18E-06 Bq Output Radioactfvity air

Cesium-134 (isotope) 7.99E-05 Bq Qutput Radioactivity air

Cesium-137 (isotope) 6.02E-04 Bq Output Radioactivity air

Chromium-51 (isotope) 1.58E-03 Bq Output Radioactivity air

Cobalt-57 (isotope) 4.24E-06 Bq Output Radioactivity air

Cobalt-58 (isotope) 5.4lE+00 Bq Output Radioactivity air

Cobalt-60 (isotope) 4.07E-04 Bq Output Radioactivity air

Iodine-131 (isotope) 1.90E-03 Bq Output Radioactivity air

Iodine-132 (isotope) 3.86E-04 Bq Output Radioactivity air

Iodine-133 (isotope) 1.76E+00 Bq Output Radioactivity air

Iodine-134 (isotope) 2.00E~03 Bq Output Radioactivity air

Iodine-135 (isotope) 1.0lE-04 Bq Output Radioactivity air

Krypton-85 (isotope) 4.17E+Ol Bq Output Radioactivity air

Krypton-85M (isotope) 2.02E+00 Bq Output Radioactivity air

Krypton-87 (isotope) 7.52E-Ol Bq putput Radioactivity air

Krypton-88 (isotope) 3.53E+00 Bq . Output Radioactivity air

Manganese-54 (isotope) 2.24E-05 Bq Output Radioactivity air

Niobium-95 (isotope) 8.89E-07 Bq Output Radioactivity air

Rubidium-88 (isotope) 8.26E-03 Bq Output Radioactivity air

Silver-110M (isotope) 2.65E-08 Bq Output Radioactivity air

Technetium-99M (isotope) 1.19E-07 Bq Output Radioactivity air

Tritium-3 (isotope) 5.90E+Ol Bq Output Radioactivity arr

Xenon-131M (isotope) 3.40E+00 Bq Output Radioactivity air

Xenon-133 (isotope) 4.9lE+02 Bq Output Radioactivity air

Xenon-133M (isotope) 3.26E+Ol Bq Output Radioactivity air

Xenon-135 (isotope) 1.85E+Ol Bq putput Radioactivity air

Xenon-135M (isotope) 3.54E-Ol Bq Output Radioactivity air

Xenon-138 (isotope) 1.17E+00 Bq Output Radioactivity air
,
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Table 3a. U.S. Electricity Generation Inventory [inputs and outputs per kWh (3.6 MJ)]

Material Quantity Units Input/output Input/output type Disposition
Zirconium-95 (isotope) 2.30E-06 Bq Output Radioactivity air

RADIOACTIVE WATER RELEASES

Antimony-124 (isotope) 1.24E-02 Bq Output Radioactivity surlace water

Antimony-l25 (isotope) 4.95E-02 Bq Output Radioactivity surface water

Barium-140 (isotope) 9.2IE-04 Bq Output Radioactivity surface water

Cesium-134 (isotope) 3.32E-02 Bq Output Radioactivity surface water

Cesium-l36 (isotope) 3.84E-14 Bq Output Radioactivity sUrface water

Cesium-137 (isotope) 4.99E-02 Bq Output Radioactivity surface water

Chromium-51 (isotope) 5.98E-02 Bq Output Radioactivity surface water

Cob~t-57 (isotope) 1.45E-03 Bq Output Radioactivity surface water

Cobalt-58 (isotope) 5.90E-01 Bq Output Radioactivity surface water

Cobalt-80 (isotope) 1.55E-01 Bq Output Radioactivity surface water

Iodine-131 (isotope) 2.76E-02 Bq Output Radioactivity surface water

Iodine-l32 (isotope) 1.05E-02 Bq Output Radioactivity surface water

Iodine-l33 (isotope) 1.18E-02 Bq Output Radioactivity surface water

Iodine-l35 (isotope) 8.49E-03 Bq Output Radioactivity surface water

Iron-55 (isotope) 1.4IE-01 Bq Output Radioactivity surface water

Iron-59 (isotope) 7.24E-03 Bq Output Radioactivity surface water

Krypton-85M (isotope) 3.73E-02 Bq Output Radioactivity surface water

Lanthanum-140 (isotope) 9.86E-04 Bq Output Radioactivity surface water

Manganese-54 (isotope) 3.94E-02 Bq Output Radioactivity surface water

Molybdenum-99 (isotope) 7.44E+04 Bq Output Radioactivity surface water

Niobium-95 (isotope) - 1.02E-02 Bq Output Radioactivity surface water

Ruthenium-103 (isotope) 1.24E-03 Bq Output Radioactivity surface water

Silver-110M (isotope) 1.45E-02 Bq Output Radioactivity surface water

Sodium-24 (isotope) 2.21E-03 Bq Output Radioactivity surface water

Strontium-89 (isotope) 2.39E-03 Bq Output Radioactivity surface water

Strontium-90 (isotope) 5.6IE-04 Bq Output Radioactivity surface water

Strontium-95 (isotope) 6.18E-03 Bq Output Radioactivity surface water

Sulfur-136 (isotope) 1.33E-03 Bq Output Radioactivity surface water

Technetium-99M (isotope) 8.66E-04 Bq Output Radioactivity surface water

Tin-113 (isotope) 1.37E-03 Bq Output Radioactivity surface water

Tritium-3 (isotope) 4.4IE+02 Bq Output Radioactivity surface water

Xenon-131M (isotope) 4.54E-01 Bq Output Radioactivity sUrface water

Xenon-133 (isotope)
- -

6.97E+01 Bq Output Radioactivity surface water

Xenon-133M (isotope) 5.7IE-01 Bq Output Radioactivity surface water

Xenon-l35 (isotope) 5:20E-01 Bq Output Radioactivity surface water
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Table 3b. Japanese Electricity Generation Inventory [inputs and outputs per kWh (3.6 MJ)]

Table 3a. U.S. Electricity Generation Inventory [inputs and outputs per kWh (3.6 MJ)]

j

Material Quantity Units Input/output Input/output type Disposition

PRIMARY INPUTS I

Coal, avg. (in ground) 8.88E+Ol G Input Primary material

Natural gas 4.85E+Ol G OCnput Primary material

Petroleum (in ground) 5.00E+01 G Jnput Primary material

Uranium, yellowcake 1.18E-02 G ~nput Primary material

ANCILLARY INPUTS
I

I

Lime 5.24E-01 G Input Ancillary material

Limestone 1.l9E+OO G Input Ancillary material

Water 1.72E+03 G Input Water

PRODUCT I
Electricity l.OOE+OO KWH Output Energy

AIR EMISSIONS i
I

1,I,I-Trichloroethane 2051E-06 G Output Airborne air

1,2-Dichloroethane 1.78E-06 G Output Airborne air

2,3,7,8-TCDD 6.53E-13 G Output Airborne air

2,3,7,8-TCDF 2.27E-12 G Output Airborne air

2,4-Dinitrotoluene . 1.24E-08 G Output Airborne air

2-Chloroacetophenone 3.llE-07 G Output Airborne air

2-Methylnaphthalene 9.24E-09 G Output Airborne air

5-Methyl chrysene 9.77E-1O G Output Airborne air

Acenaphthene 1.68E-07 G Output Airborne air

Acenaphthylene 1.28E-08 G ! Output Airborne air

Acetaldehyde 2053E-05 G Output Airborne air

Acetophenone 6.66E-07 G . Output Airborne air

Acrolein 1.29E-05 G I Output Airborne air

Anthracene 1.77E-08 G : Output Airborne air

Antimony 3.69E-05 G : Output Airborne air

Arsenic 2.72E-05 G : Output Airborne air

Barium 2.0lE-OS G : Output Airborne air

Benzene 5.92E-05 G . Output Airborne air

Benzo[a]anthracene 3.llE-08 G I Output Airborne air

Benzo[a]pyrene 1.69E-09 G Output Airborne air

Benzo[bJ,k]fluoranthene 105lE-08 G : Output Airborne air
;

Material Quantity Units Input/output Input/output type Disposition
Zinc-8S (isotope) 6.6SE-04 Bq Output Radioactivity surface water
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Table 3b. Japanese Electricity Generation Inventory [inputs and outputs per kWh (3.6 MJ)]

Material Quantity Units Input/output Input/output type Disposition

Benzo[g,h,i]perylene 1.67E-08 G Output Airborne air

Benzyl chloride 3.11E-05 G Output Airborne air

Beryllium 1.26E-06 G Output Airborne air

Biphenyl 7.55E-08 G Output Airborne air

Bromoform 1.73E-06 G. Output Airborne air

Bromomethane 7.11E-06 G Output Airborne air

Cadmium 5.48E-06 G Output Airborne air

Carbon dioxide 5.98E+02 G Output Airborne air

Carbon disulfide 5.78E-06 G Output Airborne air

Carbon monoxide 1.09E-Ol G Output Airborne air

Chloride ions 2.39E-03 G Output Airborne air

Chlorobenzene 9.77E-07 G Output Airborne air

Chloroform 2.62E-06 G Output Airborne air

Chromium (Ill) 2.I5E-05 G Output Airborne air

Chromium (VI) 5.22E-06 G Output Airborne air'

Chrysene 2.08E-08 G Output Airborne air

Cobalt 4.60E-05 G Output Airborne air

Copper 1.24E-05 G Output Airborne arr

Cumene hydroperoxide 2.35E-07 G Output Airborne air

Cyanide (-1) 1.1IE-04 G Output Airborne air

Di(2-ethylhexyl)phthalate 3.24E-06 G Output Airborne air

Dibenzo[a,h]anthracene 1.15E-08 G Output Airborne air

Dichloromethane 1.29E-05 G Output Airborne air

Dimethyl sulfate 2.13E-06 G Output Airborne air

Dioxins, remaining unspeciated 2.90E-ll G Output Airborne air

Ethyl Chloride 1.87E-06 G Output Airborne air.

Ethylbenzene 4.61E-06 G Output Airborne air

Ethylene dibromide 5.33E-08 G Output Airborne air

Fluoranthene 6.79E-08 G Output Airborne air

Fluorene 7.11E-08 G Output Airborne air

Fluorides (F-) 2.57E-04 G Output Airborne air

Formaldehyde 3.97E-04 G Output Airborne air

Furans, remaining unspeciated 4.62E-ll G Output Airborne air

Hexane 2.98E-06 G Output Airborne air

Hydrochloric acid .5.33E-02 G Output Airborne air

Hydrofluoric acid 6.66E-03 G Output Airborne air

Indeno(I,2,3-cd)pyrene 1.74E-08 G Output' Airborne air

Isophorone 2.58E-05 G Output Airborne air
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Table 3b. Japanese Electricity Generation In~entory[inputs and outputs per kWh (3.6 MJ)]

Material Quantity Units Input/output Input/output type Disposition

Lead (Ph. ore) 1.7lE-05 G Output Airborne air

Magnesium 4.89E-04 G Output Airborne air

Manganese (Mn. ore) 4.24E-05 G Output Airborne air

Mercury 4.59E-06 G Output Airborne air

Methane 3.I6E-03 G Output Airborne air

Methyl chloride 2.35E-05 G Output Airborne air

Methyl ethyl ketone 1.73E-05' G Output Airborne air

Methyl hydrazine 7.55E-06 G Output Airborne air

Methyl methacrylate 8.88E-07 G Output Airborne air

Methyl tert-butyl ether 1.55E-06 G Output Airborne air

Molybdenum 6.0IE-06 G Output Airborne air

Naphthalene 8.60E-06 G Output Airborne air

Nickel 5.72E-04 G Output Airborne air

Nitrogen oxides 1.58E+OO G Output Airborne air

Nitrous oxide 4.34E-03 G Output Airborne air

o-xylene 7.50E-07 G Output Airborne air

Phenanthrene 2.02E-07 G Output Airborne air

Phenol 7. llE-07 G Output Airborne air

PM-I0 7.77E-02 G Output Airborne air

Propionaldehyde 1.69E-05 G Output Airborne air

Pyrene 4.90E-08 G Output Airborne air

Selenium 6.25E-05 G Output Airborne air

Styrene l.llE-06 G Output Airborne air

Sulfur dioxide 3.35E+OO G Output Airborne air

Tetrachloroethylene 1.9lE-06 G Output Airborne air

TOCs. remaining unspeciated 7.66E-03 G ;Output Airborne air

Toluene 5.56E-05 G i Output Airborne air

Vanadium 2.22E-04 G i Output Airborne air

Vinyl acetate 3.37E-07 G Output Airborne air

Xylene (mixed isomers) 1.64E-06 G Output Airborne air

Zinc (elemental) 2.00E-04 G Output Airborne air

WATER RELEASES

Sulfate ion (-4) 3.39E-02 G , Output Waterborne surface water

Suspended solids 8.82E-04 G I Output Waterborne surface water

WASTE I

Coal waste 2.52E+OI G , Output Solid waste landfill

Dust/sludge 9.73E+OO G : Output Solid waste landfill

Flylbottom ash 6.30E+OO G lOutput Solid waste landfill
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Table 3b. Japanese Electricity Generation Inventory [inputs and outputs per kWh (3.6 MJ)]
Material Quantity Units Input/output Input/output type Disposition

Low-level radioactive waste 4.29E-03 G Output Radioactive waste landfill

Uranium, depleted 1.29E-03 G Output Radioactive waste landfill

RADIOACTIVE AIR EMISSIONS

Argon-41 (isotope) 3.89E+Ol Bq Output Radioactivity air

Bromine-89 (isotope) 4.50E-06 Bq Output Radioactivity air

Bromine-90 (isotope) 1.83E-06 Bq Output Radioactivity air

Cesium-134 (isotope) 1.24E-04 Bq Output Radioactivity air

Cesium-137 (isotope) 9.33E-04 Bq Output Radioactivity air

Chromium-51 (isotope) 2044E-03 Bq Output Radioactivity air

Cobalt-57 (isotope) 6.57E-06 Bq Output Radioactivity air

Cobalt-58 (isotope) 8.38E-05 Bq Output Radioactivity air

Cobalt-60 (isotope) 6.3IE-04 Bq Output Radioactivity air

Iodine-l31 (isotope) 2.95E-03 Bq Output Radioactivity air

Iodine-132 (isotope) 5.99E-04 Bq Output Radioactivity air

Iodine-133 (isotope) 2.73E+OO Bq Output Radioactivity air

Iodine-134 (isotope) 3.lOE-03 Bq Output Radioacti.vity air

Iodine-135 (isotope) 1.56E-04 Bq Output Radioactivity air

Krypton-85 (isotope) 6046E+Ol Bq Output Radioactivity air

Krypton-85M (isotope) . 3.I3E+OO Bq Output Radioactivity air

Krypton-87 (isotope) 1.17E+OO Bq Output Radioactivity air

Krypton-88 (isotope) 5047E+OO Bq Output. Radioactivity air

Manganese-54 (isotope) 3047E-05 Bq Output Radioactivity air

Niobium-95 (isotope) 1.38E-06 Bq Output Radioactivity air

Rubidium-88 (isotope) 1.28E-02 Bq Output Radioactivity air

Silver-110M (isotope) 4.11E-08 Bq Output Radioactivity air

Technetium-99M (isotope) I.85E-07 Bq Output Radioactivity air

Tritium-3 (isotope) 9. 13E+Ol Bq Output Radioactivity air

Xenon-131M (isotope) 5.27E+OO Bq Output Radioactivity air

Xenon-133 (isotope) 5.05E+Ol Bq Output Radioactivity air

Xenon-133 (isotope) 5.05E+Ol Bq Output Radioactivity air

Xenon-133M (isotope) 7.60E+02 Bq Output Radioactivity air

Xenon-135 (isotope) 2.87E+Ol Bq Output Radioactivity air

Xenon-135M (isotope) 5o48E-O! Bq Output Radioactivity air

Xenon-138 (isotope) .- 1.82E+OO Bq Output Radioactivity air

Zirconium-95 (isotope) 3.56E-06 Bq Output Radioactivity arr

RADIOACTIVE WATER RELEASES

Antimony-124 (isotope) 1.92E-02 Bq Output Radioactivity surface water

Antimony-l25 (isotope) 7.67E-02 Bq Output Radioactivity surface water
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i
Table 3b. Japanese Electricity Generation Inventory [inputs and outputs per kWh (3.6 MJ)]

Material Quantity Units Input/output Input/output type Disposition

Barium-140 (isotope) 1.43E-03 Bq Output Radioactivity surface water

Cesium-134 (isotope) 5.15E-02 Bq Output Radioactivity surface water

Cessium-137 (isotope . 7.73E-02 Bq Output Radioactivity surface water

Chromium-51 (isotope) 9.27E-02 Bq Output Radioactivity surface wat,er

Cobalt-57 (isotope) 2.24E-03 Bq Output Radioactivity surface water

Cobalt-58 (isotope) 9. 13E-Ol Bq Output Radioactivity surface water

Cobalt-80 (isotope) 2.40E-Ol Bq Output Radioactivity surface water

Iodine-131 (isotope) 4.28E-02 Bq Output Radioactivity surface water

Iodine-132 (isotope) 1.62E-02 Bq Output Radioactivity surface water

Iodine-133 (isotope) 1.83E-02 Bq Output Radioactivity surface water

Iodine-135 (isotope) 1.3IE-02 Bq Output Radioactivity surface wat.er

Iron-55 (isotope) 2. 18E-Ol Bq Output Radioactivity surface water

Iron-59 (isotope) 1.l2E-02 Bq Output Radioactivity surface water

Krypton-85M (isotope) 5.77E-02 Bq Output Radioactivity surface water

Lanthanum-140 (isotope) 1.53E-03 Bq Output Radioactivity surface water

Manganese-54 (isotope) 6.11E-02 Bq Output Radioactivity surface water

Molybdenum-99 (isotope) 1.15E+05 Bq i Output Radioactivity surface water

Niobium-95 (isotope) 1.57E-02 Bq ! Output Radioactivity surface water

Ruthenium-l03 (isotope) 1.92E-03 Bq i Output Radioactivity surface water

Silver-110M (isotope) 2.24E-02 Bq : Output Radioactivity surface water

Sodium-24 (isotope) 3.42E-03 Bq I Output Radioactivity swface water

Strontium-89 (isotope) 3.70E-03 Bq : Output Radioactivity surface water

Strontium-90 (isotope) 8.69E-04 Bq Output Radioactivity surface water

Strontium-95 (isotope) 9.57E-03 Bq Output Radioactivity surface water

Sulfur-136 (isotope) 2.06E-03 Bq : Output Radioactivity surface water

Technetium-99M (isotope) , 1.34E-03 Bq Output Radioactivity surface water

Tin-1l3 (isotope) 2.12E-03 Bq
,

Output Radioactivity surface water

Tritium-3 (isotope) 6.83E+02 Bq I Output Radioactivity surface wa.ter

Xenon-131M (isotope) 7.02E-Ol Bq Output Radioactivity surface water

Xenon-133M (isotope) 8.84E-Ol Bq Output Radioactivity surface water

Xenon-135 (isotope) 8.05E-Ol Bq Output Radioactivity surface water

Zinc-85 (isotope) 1.03E-03 Bq , Output Radioactivity surface water
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3. METHODOLOGY

SUT ST bi 4 1997 U S EI

Data on the inputs and outputs for electricity generation were obtained from available
sources; when multiple sources of the same type of data were found, those data believed to have
the highest quality were utilized (Section 5 addresses data quality). Most data obtained were
fuel-specific, however some of the data found were already aggregated to the U.S.-wide level,
and thus did not need converting from the fuel-specific values. Thus, for some input/output
categories, few calculations were necessary; for others, more complex equations were required to
calculate the final input or output data.

As stated earlier in this TM, the final electric grid inventory data (in units of grams/net
kWh, for example) will be multiplied by energy use v~ues throughout the life cycle (in units of
point-of-use kWhs/functional unit). The two kWhs referred to are different, with the difference
being net generated kWhs versus point-of-use kWhs. Due to losses that are associated with
moving electrical energy from a point of generation to a point of use, known as 'transmission and
distribution (TD) losses,' these must be accounted for in the calculations. It was found in the
research for this TM that for 1997 the nationwide TD losses 'were on the order of 8% of net
generation (EIA 1999b). Therefore, to make the kWhs equivalent, the net generation was
divided by a TD factor of 1.08 to effectively convert the net kWhs to point-of-use kWhs. The net
kWhs are divided by the 1.08 TD factor in all the equations shown in this TM.

Source: EIA 1999a.
n This breakdown exludes nonutility electricity genration (non and Independent Power Producers (NPPs or IPPs),
which typically contribute about 11% of the U.S. total (EIA 1999).
b Hydro and renewables were exluded from the calculation of inputs and outputs.

a e . . . ectncltv tI ltv ummary tatIstics
Fuel a 1997 Fuel Units' 1997 Net Electricity 1997 Generation %

Consumption generation Breakdown

Coal 900,361,000 short tonslyr 1,787,806,000,000 57.23%

Gas 2,968,453 million ft3/yr 283,625,000,000 9.07%

Petroleum 5,256,132 thousand gallyr 77,753,000,000 2.53%

Nuclear 48,700,000 lbs Upsfyr 628,644,000,000 20.14%

Hydro b -- -- 337,233,000,000 10.79%

Renewables b -- -- 7,462,000,000 0.24%

Total 3,122,522,000,000 100%

The U.S.-wide inventory was developed by first compiling inventory data for each of the
major generation (fuel-specific) categories used to produce electricity in the U.S., and then
creating the U.S.-wide inventory from the fuel-specific inventories. The creation of the U.S.
wide data from the fuel-specific inventories required two particular sets of information: 1997
fuel consumption data and 1997 fuel-specific net electricity generation data (see Table 4). In the
majority of cases, one or more pieces of information from these two data sets was needed to
convert each input or outputinto the units of grams per kWh (excluding the radionuclides which
were converted to Becquerels per kWh).
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3.1.2 Ancillary Materials

3.1 Inputs

Eq.l

nationwide input use rate pt(r unit of electricity for fuel i, where the four
fuels are coal, gas, petroleu¢ and uranium (grams/kWh),
annual consumption rate fot fuel i (mass or volume/yr; converted to grams
using density as necessary, $ee Attachment E, Table E5),
net annual nationwide electHcity generation (kWh/yr), and
nationwide average transmi~sion and distribution losses factor (percent).

I

Con fllel i
- Gennet

TD

URfllel i

where,
URfueli =

Confueli =
Gennct =
TO =

In calculating the primary material consumption rates for each fuel, material densities and
conversion factors for mass, volume and energy ~ere utilized where needed, depending on
whether the units of consumption were in mass or volume (see Attachment E, Table E5).

Ancillary materials are considered to be thpse materials that help the process function or
work, yet do not become part of the final product., In generating electricity, 'all materials used,
except the fuel itself, are typically considered to be ancillary materials. The ancillary materials
accounted for in the U.s. electric grid inventory d~ta are limestone and lime which are sulfur

I
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3.1.1 Primary Materials

The following subsections provide the met~odology used and basic equations utilized to
create the U.S.-wide inventory from the fuel-specitic input and output values. ,

Primary materials are typically considered in LCA to be those materials that become part
of the final' product of the process being modeled. :For the process of electricity generation, the
fuels used to produce the electrical energy are usually considered to be the only 'primary'
materials. Thus, for the U.S. and Japanese electrid grid inventory data, the primary materials
include coal, gas, petroleum and uranium. The U.$. nationwide total quantities of these fuels
consumed by utilities in 1997 was ob~ained from the Energy Information Administration (ErA
1999a for coal, gas and petroleum; E~ 1998b for pranium). The Japanese data were obtained
from the EIA's Country Energy Data Report (EIA i1997). Note that the primary material for
nuclear-based electricity generation is referred to a:s "yellowcake," which is the most common
physical state on which uranium consumption is b~sed. Yellowcake is a yellowish-brown
powder that is the product of the initial milling process that follows mining. The input data were
provided on a nationwide basis, thus the equation needed to calculate each fuel's use rate in '
grams per kWh is shown below: ' ,
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3.2.1 Air Emissions

APPENDIXE,

Eq.2

nationwide input use rate per unit of electricity for water (grams/kWh),
average consumption rate per unit of electricity for water for fuel i, where
the four fuels are coal, gas, petroleum and uranium (gallons/kWh;
converted to grams using density, see Attachment E, Table E5),
net anImal electricity generation rate for fuel i (kWhlyr),
net annual nationwide electricity generation (kWhlyr), and
nationwide average transmission ap.d distribution losses factor (percent).

where,
Urwater =
Conwater =

Oen =
Oennet =
TD =

3.2 Outputs

dioxide removal system catalysts typically used in coal firing, and cooling water which is
consumed in generating electricity from all fuel types.

The limestone and lime values were derived by utilizing data from approximately five
different sources, primarily the EIA, the Acid Rain database and direct contact with utility
employees. In short, individual lime and limestone annual consumption rates were developed in
units of pounds per year for each plant in the U.S. that utilizes a lime- or limestone-based flue
gas desulfurization (FOD) system, and then those values were added to obtain the total poundage
or tomiage consumed annually in the U.S. (tons per year). At that point, Equation 1 could be
used (calculating only for coal) to obtain the quantity of lime or limestone consumed in grams
per kWh generated. Cooling water consumption in units of gallons per kWh was obtained from
the California Energy Commission (CEC 1979; cited in Paul Gipe's Wind Energy Comes ofAge,
John Wiley & Sons, 1995). Since cooling water is consumed during electricity generation for
each of the fuel types followed in this inventory data set, one equation was used to calculate the
nationwide average cooling water requirements:

4

~ (C onwater X Gen) .L.J fueli
i=lURwater - ....:;....~---G------

ennet

Several sources of air emissions data where evaluated in compIling the electric grid
inventory data. The evaluation revealed that AP-42 (EPA 1996) data are the most complete
source of speciated air emissions data that are easily accessible and do not require a substantial
investment to obtain. Thus, AP-42 data were used as the foundation for the air emissions
estimates. ('AP-42' is the EPA's emission factors data set that addresses the type and quantity of
air pollutants that result from over 200 major industries, point sources and mobile sources.)

The evaluation also revealed a few sources of higher quality data for some pollutants, and
in those cases, that information was used to either augment or replace the Ap·:.42 factors.
Specifically, the air pollutant release rates for criteria pollutants were obtained from the EPA
(l998b) on a nationwide annual basis and used instead of the AP-42 factors for those pollutants
(the values covered all fossil fuel-based generation categories and were in units of pounds per
year). The criteria pollutants include carbon dioxide (C02), sulfur dioxide (S02)' nitrogen oxides

. TD
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(N0x), carbon monoxide (CO), lead (Pb) and particulate matter ten micrometers or less in
diameter (PM-lO), and the following equation was used to obtain the emission rates for these
pollutants 'in units of grams/kWh:

Eq.3

I

nationwide release rate per unit of electricity for criteria pollutant i
(grams/kWh), '
annual release rate for criteria pollutant i (lbs/yr),
net annual nationw~de electricity generation (kWhlyr), and
nationwide average transmission and distribution losses factor
(percent).

=

=
=

=

Relair-c~iteria i
R R air-criteria; =--'--G-e-n--

net

TD

Nuclear power plants produce electricity without combusting fuel, thus no criteria
pollutants are emitted to the local air environme~t during nuclear power production. However,
nuclear-based electricity generation does produc~ some airborne radionuclides, which are
addressed in Section 3.2.4. No airborne releases [from nuclear-based generation are addressed
here.

The air pollutants accounted for in this inventory calculated from AP-42 air emission
factors are shown in Table 5. Of these air emissibn factors, Table 5 shows the number of
pollutants in each category, what fuels AP-42 ha~ release data for, and whether the AP-42 data
reflects controlled or uncontrolled release of those pollutants. '

The equation used to calculate the nation}vide emissions of these non-criteria pollutants is
Equation 4. The equation shows a summation o~ three release and consumption rates, which was
adjusted for the number of fuels from which the pollutants were listed in AP-42 (shown in Table
5). '

For all of the pollutants in Table 5, AP-4:2 lists only one emission factor per pollutant per
fuel (for example, pounds of benzene released per ton of coal burned). Thus, each factor
represents a combined emissions estimate for the various technologies used to fire each fuel.

In augmenting the AP-42 data, it was als? determined that the nationwide methane (CH4)

air releases generated during coal mining (EPA ~998c) are significant, and were added to the
emissions estimates of CH4 from coal and petroleum combustion. These emissions were
presented in units, of nationwide cubic feet of mffthane released per year.,

where,
RRnir-critcrin i

Rellllr-critcrin i

Gennct

TD
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3.2.2 Solid Wastes

Eq.4

3

L (Re lair-other j X Con).
i-I fuel I

Gen net

TD

Table 5 Air Pollutant Information from AP-42

nationwide release rate for each pollutantj (grams/kWh),
release rate per unit of fuel for each air pollutantj from fossil fuel i (coal-·
lbs/ton, gas -lbshnillion cubic feet, petroleum -lbs/thousand gallons),
annual consumption rate of fuel i (coal- tons/yr, gas - million cubic
feet/yr, petroleum - thousandgallons/yr),
net annual nationwide electricity generation (kWhlyr), and
nationwide average transmission and distribution losses factor (percent).

RRair-other j

For the U.S. electric grid inventory data, two types of solid waste exist: coal-fired
generation nonhazardous solid wastes and nuclear-based generation radioactive solid wastes.
[The term 'solid waste' as it is used in this report applies to the Resource Conservation and
Recovery Act (RCRA) definition which is defined in the U.S. Federal Code of Regulations (40
CFR 261).] For coal-fired generation, the solid wastes values were obtained from it 1994 Oak
Ridge National Laboratory (ORNL) report entitled "Estimating Extemaiities of Coal Fuel
Cycles," and were provided in units of tons of waste produced per gigawatthour (GWh) 
generated. The calculation needed to obtain the nationwide releases is as follows:

.
Pollutant CategorylPollutant # of factors Fuels from Which Pollutants Were Controlled!

provided Listed in AP·42 Uncontrolled

Coal Gas Petroleum

Speciated organic compounds 37 V V V Controlled

Trace metals 13 V V' V Controlled

Polycryclic aromatic hydrocarbons 16 V Controlled

Dioxins & furans 16 V Controlled

Methane 1 V V Uncontrolled

Nitrous oxide 1 V V V Uncontrolled

Hydrogen chloride 1 V Uncontrolled

Hydrogen fluoride 1 V Uncontrolled

Total organic compounds 1 V .t V Uncontrolled

Total nonmethane organic compounds 1 V V Uncontrolled

where,

Rrair-other j =
Relair-other j =

Con =

Gennet =
TD =

Source: EPA 1996..



3.2.3 Water Releases

Water release information was obtained ot} coal-fired generation. Radioactive water
release information is presented in Section 3.2.4. :Information on only three water pollutants was
obtained (ORNL 1994). Data were in units of tons/GWh, and thus used an equation like
Equation 5 to calculate the nationwide release per; unit of electricity generated:

For the two nuclear-based generation wastes quantified, spent fuel and low-level
radioactive waste (ILRW), two data sources were1utilized. The spent fuel data information was
obtained from the EIA in units of pounds per year :and the LLRW data from an expert in the
nuclear electricity generation industry .(Loiselle 19~8) in units of cubic feet per year (se~

Attachment E, Table E5 for LLRW conversion factor). The calculation used to derive the
quantity of both nuclear wastes generated"in units pf gram.s per kWh was similar to Equations 1
and 3, and is shown below: I

Eq.6

Eq.5

nationwide generation rate per unit of electricity for nuclear was~e i
(grams/kWh), ,
nationwide annual generation rate for nuclear waste i (spent fuel-Ibs/yr,
ILRW - fe/yr; converted tq grams using density as necessary, see
Attachment E, Table E5), i

net annual nationwide electpcity generation (kWhlyr), and
nationwide average transmi;ssion and distribution losses factor (percent).

!

I .
nationwide release rate per u.nit of electricity for solid waste i from coal-:
fired generation (grams/kWh),
release rate per unit of electhcity for solid waste i from coal-fired
generation (tons/GWh), I .

net annual electricity generation rate for coal (MWhlyr),
net annual nationwide electricity generation (kWhlyr), and
nationwide average transmission and distribution losses factor (percent).

Gennuclear i

Gen net

TD

Re [solid i X Gencoal

Gennet

TD

RR solid i =

GRnllclear i

where,
GRnuclcari =

Gennuclcari =

Gennct =
TO =

APPENDIXE

where,
RRsolidi =

Relsolldi =

Gencoal =
Gennct =
TO =



3.2.4 Radionuclides

During the operation of nuclear electricity generation facilities, both airborne-and
waterborne radioactive releases are generated that are not directly related to a facility's capacity
to generate power (kWs) or to the quantity of power it generates over time (kWhs). Data were
obtained on the radioactive releases of many nuclear facilities in the U.S. from an ORNL report
which addressed the externalities of rlUclear fuel cycles (ORNL 1995). This report presented
averaged release rate information for 3L airborne and 35 waterborne radioactive releases, which
were from direct measurements at many U.S.-based nuclear facilities, all of which were
presented in units of Curies per year. Although the releases where found not to relate directly to
power 'generation or power generating capacity, some scale was needed to convert the quan.tity of
release from multiple facilities to a quantity of release for all the facilities in use in the U.S.
Therefore, due to a lack of any other identifiable scaling mechanism, the quantity of power
generated was utilized. The Curies per year value for each radioactive release was first converted
into Curies per MWh by dividing by the number of MWhs generated by the average facility
identified in the report. Then the values were converted into units of Becquerels per kWh. The
following equation was utilized for converting airborne and waterborne radionuclides to the
nationwide grid:

R'R radionuclide i

APPENDIXE

Eq.8

Eq.7

E-21

nationwide release rate per unit of electricity for radionuclide i
(Becquerels/kWh),
averaged release rate per unit of electricity for radionuclide i
(CurieslMWh),
annual electricity generation ratefor nuclear (MWhlyr),
net annual nationwide electricity generation (kWhlyr), and
nationwide average transmission and distribution losses factor (percent).

nationwide release rate per unit of electricity for water pollutant i from
coal-fired generation (grams/kWh),
release rate per unit of electricity for water pollutant i from coal-fired
generation (tons/GWh),
net annual electricity generation rate for coal (MWhlyr),
net annual nationwide electricity generation (kWhlyr), and
nationwide average transmission and distribution losses factor (percent).

R e l radionuclide i X Gen nuclear

Gennet

TD

Relwateri X Gen coa1

Gen net

TD

=
=
=

Relradionuclide i =

where,
RRradionuclide i =

Gennuclear =
Gennet =
TD

Relwateri

RRwater i -

where,

RRwateri

Gen
coaI

'

Gennet

TD
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4. FUEL-SPECIFIC RESULTS

Tables 6 through 9 present the inputs and putputs from each of the individual fuel
inventories. The data in those tables were aggreghted into the U.S.-wide average data for
electricity generation (Table 3a) and Japanese av~rage data (Table 3b). Additionally, the
spreadsheets from which Tables 6 through 9 wer~ derived are shown in Attachments A through E
and provide some additional information about e4ch inventory.

I

ah U . dS
i

d Ot t f: C I F· d EI t··t GtT bl 6 Ia e . npu san u pu s or oa - Ire I ec rlcl Y eneratlOn In t e mte tat.~s

Material/pollutant Quantity Unit Material/pollutant Quantity Unit

INPUTS I OUTPUTS (continued)

Primary Materials Air Emissions (continued)
Coal 9.00E+08 tons/yr y:RACE MEI'ALS (continued)

Beryllium 2.10E-05 lbs/ton
Ancillary Materials Cadmium 5.lOE-05 lbs/ton
Limestone 1.2IE+07 tons/yr Ghromium 2.60E-04 lbs/ton

dme 5.3IE+06 tons/yr Chromium (VI) 7.90E-05 lbs/ton
Cooling water 4.90E-Ol IgallkWh Cobalt 1.00E-04 lbs/ton

Magnesium 1.l0E-02 lbs/ton

OUTPUTS Manganese 4.90E-04 lbs/ton
Air Emissions Mercurv 8.30E-05 lbs/ton

Methane 4.00E-02 lbs/ton ~nckel 2.80E-04 lbs/ton
Nitrous oxide 3.00E-02 lbs/ton Selenium 1.30E-03 lbs/ton

Hydrogen chloride 1.20E+00 lbs/ton POLYCYCLIC AROMATIC HYDROCARBONS (PAHs)

Hydrogen fluoride 1.50E-Ol lbs/ton Biphenyl 1.70E-06 lbs/ton

TOC 3.00E-Ol lbs/ton Acenaphthene 5.lOE-07 lbs/ton

rrNMOC 6.00E-02 lbs/ton Acenaphthylene 2.50E-07. lbs/ton
SPECIATED ORGANIC COMPOUNDS Anthracene 2.10E-07 lbs/ton
Acetaldehyde 5.70E-04 lbs/ton Benzo(a)anthracene 8.00E-08 lbs/ton

Acetophenone 1.50E-05 lbs/ton Benzo(a)pyrene 3.80E-08 lbs/ton
Acrolein 2.90E-04 lbs/ton Benzo(b,j ,k)fluoranthene 1.l0E-07 lbs/ton

Benzene 1.30E-03 lbs/ton Benzo(g,h,i)perylene 2.70E-08 lbs/ton

Benzyl chloride 7.00E-04 lbs/ton Chrvsene 1.00E-07 lbs/ton

Bis(2-ethylhexyl)phthalate 7.30E-05 lbs/ton Fluoranthene 7.lOE-07 lbs/ton
(DEHP)

Bromoform 3.90E-05 lbs/ton !Fluorene 9.lOE-07 lbs/ton

Carbon disulfide 1.30E-04 lbslton indeno(1,2,3-cd)pyrene 6.1OE-08 lbs/ton

2·Chloroacetophenone 7.00E-06 lbslton Naphthalene 1.30E-05 lbs/ton

Chlorobenzene 2.20E-05 lbs/ton IPhenanthrene 2.70E-06 lbs/ton

Chloroform 5.90E-05 lbslton lPyrene 3.30E-07 lbs/ton

Cumene 5.30E-06 lbs/ton 5-Methvl chrvsene 2.20E-08 lbs/ton

Cyanide 2.50E-03 lbs/ton !DIOXINS & FURANS

2,4-Dinitrotoluene 2.80E-07 lbs/ton 2,3,7,8-TCDD 1.43E-ll lbs/ton

Dimethvl sulfate 4.80E-05 lbs/ton Total TCDD 9.28E-ll lbs/ton
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Table 6~ Inputs and Outputs for Coal-Fired Electricity Generation in the United Statesa

a All mputs and outputs have been left m theIr ongmal umts of measure.

MateriaVpoIlutant Quantity Unit MateriaVpollutant Quantity Unit

Ethyl benzene 9.40E-05 lbs/ton Total PeCDD 4.47E-11 lbs/ton

!Ethyl chloride 4.20E-05 lbs/ton Total HxCDD 2.87E-ll lbs/ton

IEthylene dichloride 4.00E-05 lbs/ton Total HpCDD 8.34E-ll lbs/ton

IEthylene dibromide 1.20E-06 lbs/ton TotalOCDD 4.16E-1O lbs/ton

Wormaldehyde 2.40E-04 lbs/ton TotalPCDDd 6.66E-1O lbs/ton

Hexane 6.70E-05 lbs/ton 2,3,7,8-TCDF 5.10E-11 lbs/ton

Isophorone 5.80E-04 lbs/ton Total TCDF 4.04E-IO lbs/ton

Methyl bromide 1.60E-04 lbs/ton Total PeCDF 0 3.53E-1O lbs/ton

Methyl chloride 5.30E-04 lbs/ton Total HxCDF 1.92E-1O lbs/ton

Methyl ethyl ketone 3.90E-04 lbs/ton Total HpCDF 7.68E-11 lbs/ton

Methyl hydrazine 1.70E-04 lbs/ton Total OCDF 6.63E-ll lbs/ton

Methyl methacrylate 2.00E-05 lbs/ton Total PCDFd 1.09E-09 lbs/ton

Methyl tert butyl ether 3.50E-05 lbs/ton COAL MINE METHANE EMISSIONS

. Methylene chloride 2.90E-04 lbs/ton Methane 1.52E+11 ft 3/yr

Phenol 1.60E-05 lbs/ton

Propionaldehyde 3.80E-04 lbs/ton Solid Wastes

Tetrachloroethylene 4.30E-05 lbs/ton Dust/sludge 5.51E+Ol tons/GWh

Toluene 2.40E-04 lbs/ton Coal waste 1.43E+02 tons/GWh

l, l,1-Trichloroethane 2.00E~05 lbs/ton Flylbottom ash 3.57E+Ol tons/GWh

Styrene 2.50E-05 lbs/ton

Xvlenes 3.70E-05 lbs/ton Water Releases
Vinyl acetate 7.60E-06 lbs/ton Dissolver 2.78E-Ol tons/GWh

TRACE METALS Suspended solids 5.00E-03 tons/GWh

Antimonv 1.80E-05 lbs/ton Sulfate 1.92E-Ol tons/GWh..
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a e . lUU an utputs or etro eum- Ire ectrlclty eneratlon III t e ...~.
Material/Pollutant Quantity Unit Pollutant Quantity Unit

INPUTS I OUTPUTS (continued)

Primary Material Air Emissions (continued
Petroleum SPECIATED ORGANIC COMPOUNDS (continued)

I I bCDD 3.10E-09 lbs/kgal

Ancillary Material Phenanthrene 1.05E-05 lbs/kgal
Water 4.30E-01 gaIlkWh Pyrene 4.25E-06 lbs/kgal

Toluene 6.20E-03 lbs/kgal

OUTPUTS ~,1,1-Trichloroethane 2.36E-04 ibs/kgal

Air Emissions a-xylene 1.09E-04 lbs/kgal

Methane 2.66E-01 lbs/kgal TRACE METALS

Nitrous oxide 1.10E-01 lbs/kgal Antimony 5.25E-03 lbslkgal

rOC 9.93E-01 lbslkgal Arsenic 1.28E-03 lbslkgal

iI'NMoc 7.26E-01 lbslkgal Barium 2.57E-03 lbslkgal

SPECTATED ORGANIC COMPOUNDS Beryllium 4.7lE-05 lbslkgal

Acenaphthene 2. llE-05 lbslkgal Cadmium 4.67E-04 lbs/kgal
Acenaphthylene 2.53E-07 Ibslkgal CWoride 3.47E-01 lbs/kgal

Anthracene 1.22E-06 Ibslkgal Chromium 1.28E-03 Ibs/kgal

Benzene 2.14E-04 Ibslkgal Chromium (VI) 2.48E-04 lbs/kgal
Benz(a)anthracene 4.0lE-06 lbslkgal Cobalt 6.02E-03 lbslkgal

Benzo(b,k)fluoranthene 1.48E-06 Ibs/kgal Copper 1.76E-03 Ibslkgal
Benzo(g,h,i)oerylene 2.26E-06 lbslkgal fluoride 3.73E-02 Ibslkga,L

a e . npu san utputs or as- Ire ectrlclty neration in the nited States
MateriaJIpollutant Quantity Unit Pollutant Quantiity Unit

INPUTS OUTPUTS (continued)

Primary Material lAir Emissions (continued)
Gas 3.00E+121yr 3/yr SPECIATED ORGANIC COMPOUNDS (continued)

,
Naphthalene 2.40E-04 IbslMft3

lAncillary Material IPhenanthrene 1.00E~05 IbsIMft3
Water 2.50E-01IgaIlkWh lP:yrene 5.0lE-06 IbsIMft3

Toluene 2.20E-03 IbsIMft3

OUTPUTS TRACE METALS

Air Emissions Arsenic 2.30E-04 IbsIMft3

Nitrous oxide 2.20E+00 IbsIMft3 Barium 2.40E-03 IbslMft3
Filterable PM 1.50E+OO IbsIMft3 Chromium 1.10E-03 IbsIMft3

[condensible PM 1.50E+00 IbsIMft3 Cobalt 1.20E-04 Ibs/Mft3

frOC 1.70E+OO IbsIMft3 Copper 2.51E-04 IbsIMft3
SPECIATED ORGANIC COMPOUNDS Manganese 3.8lE-04 IbsIMft3

Fluoranthene 3.01E-06 IbsIMft3 Molybdenum 5.8IE-04 IbsIMft3
Formaldehyde 1.55E-01 IbslMft3 ~Tickel 3.61E-03 IbsIMft3

2-Methvlnaohthalene 9.02E-06 IbslMft3 Vanadium 3.21E-03 IbsIMft3. . .'

APPENDIXE

• All mputs and outputs have been left m theIr ongmal umts of measure.
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Table 9. Inputs and Outputs for Nuclear-Based Electricity Generation in the U.S.

Table 8. Inputs and Outputs for Petroleum-Fired Electricity Generation in the U.S.

MateriaUpollutant Quantity Unit Pollutant Quantity Unit.
INPUTS OUTPUTS (continued)

Primary Material Waterborne Radionuclide Emissions (continued)
Uranium oxide 4.87E+07 lbs/yr Xe-135M 4.40E-08 CurieslMWh
("yellowcake")

Cs-137 7.49E-11 CurieslMWh
Ancillary Material Xe-138; 1.46E-07 CurieslMWh
Water 6.20E-Ol gallkWh Waterborne Radionuclide Emissions

T-3 5.48E-05 CurieslMWh
OUTPUTS Na-24 , 2.75E-1O CurieslMWh

Solid Wastes Cr-51 7.44E-09 CurieslMWh

Spent fuel 5.29E+06 lbs/yr Mn-54 4.90E-09 CurieslMWh

LLRW 2.2lE+05 felyr Fe-55 1.75E-08 CurieslMWh

Co-57 1.80E-I0 CurieslMWh

Airborne Radionuclide Emissions Co-58 7.33E-08 CurieslMWh

T-3 7.33E-06 CurieslMWh Fe-59 9.00E-I0 CurieslMWh

Ar-41 3.13E-06 CurieslMWh Co-80 1.92E-08 CurieslMWh

Cr-51 1.96E-1O CurieslMWh Zn-85 8.27E-11 CurieslMWh

Mn-54 2.78E-12 CurieslMWh Kr-85M 4.63E-09 CurieslMWh

Co-57 5.27E-13 CurieslMWh Sr-89 2.97E-I0 CurieslMWh

Co-58 ;; 6.73E-12 CurieslMWh Sr-90 6.97E-11 CurieslMWh

Co-60 5.06E-11 CurieslMWh Nb-95 1.26E-09 CurieslMWh

Kr-85 5.18E-06 CurieslMWh Sr-95 7.68E-1O CurieslMWh

Kr-85M 205lE-07 CurieslMWh Mo-99 9.25E-03 CurieslMWh

Kr-87 9.35E-08 CurieslMWh Tc-99M 1.08E-I0 CurieslMWh

Rb-88 1.03E-09 CurieslMWh Ru-103 1.54E-1O CurieslMWh'

Kr-88 0- 4.39E-07 CurieslMWh Ag-11OM 1.80E-09 CurieslMWh

Br-89 3.62E-13 CurieslMWh Sn-113 1.70E-I0 CurieslMWh

Br-90 1.47E-13 CurieslMWh Sb-124 1.54E-09 CurieslMWh

Nb-95 I.11E-13 CurieslMWh Sb-125 6.15E~09 CurieslMWh

Zr-95 2.86E-13 CurieslMWh 1-131 3.43E-09 CurieslMWh

Tc-99M 1.48E-14 CurieslMWh Xe-131M '.
.

5.64E-08 CurieslMWh.

MateriallPollutant Quantity Unit Pollutant Quantity Unit
Chrysene 2.38~-06 lbslkgal Manganese 2.94E-03 lbslkgal
Dibenzo(a,h)anthracene 1.67E-06 Ibs/kgal Mercury 1.3lE-04 lbs/kgal
Ethylbenzene 6.36E-05 lbslkgal Molybdenum 7.87E-04 lbslkgal
Fluoranthene 4.84E-06 lbslkgal Nickel 8.09E-02 lbs/kgal
Fluorene 4.47E-06 lbslkgal !Phosphorous -. 9.46E-03 lbs/kgal
Formaldehyde 3.30E-02 lbslkgal Selenium ' 6.83E-04 lbslkgal
Indo(1,2,3-cd)pyrene 2.14E-06 lbslkgal Vanadium 3.18E-02 lbs/kgal
Naphthalene 1.13E-03 lbslkgal [zinc 2.91E-02 lbs/kgal. .
n All mputs and outputs have been left m theIr ongmal uruts of measure.
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Table 9. Inputs and Outputs for Nuclear-Based Electricity Generation in the U.S•

Note that in Tables 6 through 9, the units for the inputs and outPllts were left as originally
found in their source. All fuel-specific inputs and outputs (excluding radioactive releases) were
converted to the units desired for the U.S.-wide t1lectric grid of gramslkWh during aggregation
into that inventory data set.

t

E-26

t & 0 t t W"thi E h IfIT bI 10 N ba e " urn ero npu s u pu S I n ac nven orJ
Inputs & Outputs Coal' Gas Petroleum Nuclear

Primary materials 1 1 1 1

Ancillary materials 3 , 1 1 1 --
Air releases 89 29 51 31

Water releases 3 -- -- 35

Solid & hazardous wastes 3 -- -- 2

Total 99 31 53 70

• Coal - Cyanide (speciated organic compounds), magnesium (metal), naphthalene
[polycyclic aromatic hydrocarbons (PAH)] and the total octochlorodibenzo-p-dioxins
(dioxins and furans)

• Gas - Formaldehyde (speciated organic pompounii), nickel (metal)
• Petroleum - Formaldehyde (speciated o~ganic compound), chloride (metal)
• Nuclear - Xenon-133 (airborne radionu9lide), molybdenum-99 (waterborne

radionuc1ide) .

Material/pollutant Quantity Unit . Pollutant Quantity Unit
Ag-llOM 3.30E-15 CurieslMWh 1-132 1.30E-09 CririesIMWh
1-131 2.37E-1O CurieslMWh Xe-133 8.66E-06 CuriesIMWh
Xe-131M 4.23E-07 CurieslMWh 1-133 1.47E-09 CurieslMWh
1-132 4.80E-ll CuriesIMWh Xe-133M 7.10E-08 CuriesIMWh
Xe-133 6.lOE-05 CurieslMWh Cs-134 4.13E-09 CuriesIMWh
1-133 2.19E-07 CuriesIMWh I-P5 1.06E-09 CuriesIMWh
Xe-133M 4.06E-06 CurieslMWh Xe-135 6.46E-08 CuriesIMWh
Cs-134 9.93E-12 CuriesIMWh s~136 1.65E-1O CirriesIMWh
1-134 2.49E-I0 CurieslMWh <:::s-137 6.20E-09 Ciu'ieslMWh
Xe-135 2.30E-06 CuriesIMWh Ba-140 1.14E-1O CurieslMWh
1-135 1.25E-11 CurieslMWh lJa-140 1.23E-1O CurieslMWh. . . ,

• All mputs and outputs have been left m theIr ongmal umt~ of measure.
I
I

Table 10 presents the number of inventor1 data points for each fuel type by input or
output category. As can easily be seen, most of t~e fuel-specific inventories are dominated by air
pollution data. Of the main categories of air pollutants considered, the following breakdown lists

I

those emissions that are the biggest contributors (have the largest emission rates in overall
quantity) to each part of each fuel inventory:
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5. DATA SOURCES & QUALITY

Source and quality information for the data presented in this TM are detailed in Table 11.
In general, data assigned higher quality ratings were directly measured and represent 1997 data.
As data required more calculation or estimation, or were from a previous year, data quality was .
reduced~ Additional comments about data source and quality are in the following subsections.

5.1 Nonfuel specific data

The criteria pollutant air emission values used in this inventory all came from the
National Air Quality & Emissions Trends Report, 1997. While this report does state that the
values supplied are "estimates of the amount and kinds of pollutants being emitted ... based upon
best available engineering calculations," (EPA 1998b) the EPA used measured air emission rates
where feasible, and thus these data were given 'Average' data quality ratings.

5.2 .Coal

As the leading electricity-producing fuel in the U.S., coal has accounted for between 40%
and 60% of the kWh produced by utilities in the national grid since the 1930s (NEI 1997). In .
1997, coal-fired generation accounted for just over 57% of all utility-generated electricity.

Of the coal inventory data, the coal quantity used annually and the methane generated
from coal mining were both directly measured data for 1997 and thus were given 'Excellent' data
quality ratings. The data for speciated air emissions that came from AP-42 were deemed 'Poor,'
due primarily to the following two facets ofthe data. First, in averaging the data quality ratings
that the EPA applies to their AP-42 factors, an average rating of approximately 3 is calculated,
indicating by their own standards an 'average' rating. (EPA's data quality ratings are A, B, C, D
and E, where, for example, A, C and E represent 'Excellent,' 'Average' and 'Poor' respectively.
This alphabetically based system was temporarily converted into a numerical system of 1 through
5 where 1 corresponds to A and 5 corresponds to E to calculate the required averages.) Second,
the bulk of the AP-42 data w~s dated January 1995; updates were included several times since
then (two in 1996 and one in 1998), however, each update included only small changes to the
whole AP-42 emission factor data set.

The cooling water use (for all fuels) and the solid waste and water release data for coal
were assigned a data quality rating of 'Unknown' due to a lack of information on the original
data source.

E-27



Table 11. Data Sources and Quality Information for the U.S. Electric Grid Inventories
vo Data Data So'urceJ Data Source Comments I~'ta Data QualIty Explana.tion
Type" Reference 'I1ality •
NONFUELSPECIFIC

AR Criteria pollutants EPA 1998b Although the EPA uses measured data wherever feasible in Average Although the bulk of the data used in this analysis were measured,
calculating the emissions included in this report, much data some estimates were required to obtain emissions information·
required estimating to effectively model the national totals for from particular industries before aggregating to obtain the U.S.-
certain pollutant cate,gories. wide totals.

COAL

PM Coal EIA 1998c Measured; required for regulatory recordin):! purposes. Excellent Measurements provide the highest quality data.

AM Limestone and lime EIA 1997 The primary data used in calcUlating the limestone and lime Average Of the sources referenced for this calculation, three utilized
usage were measured, however approximately six sources of measured data, while the remaining utilized average or poor
information were accessed to obtain the necessary information to quality data. Thus, the overall rating is 'Average.'
derive final factors.

AM Cooling water CEC 1979 Only source located in which cooling water requirements were Unknown CEC did not list its data sources.
detailed for the main electricity generation categories.

SW& All ORNL1994 Original source of data in the ORNL 1994 report was Meridian Unknown Original data document could not be found.
WR Comoration 1989, however, could not be located.

AR All noncriteria pollutants EPA 1996 AP-42 factors have a self-assigned 'Average' to 'Poor' quality Poor Given 'Poor' rating for several reasons, including primarily that I)
rating. overall AP-42 self-assigned ratings are 'Average' and 2) data

applies to 1995.

AR Methane from coal mining EPA 1998c Measured; reported for regulatory recording purposes. Excellent Measurements provide the highest quality data.

GAS &PETROLEPM .

PM Gas and petroleum EIA 1998c Measured; required for regulatory recording purposes. Excellent Measurements provide the highestquality data.

AM Cooling water CEC 1979 Only source located in which cooling water requirements were Unknown CEC did not list its data sources.
detailed for the main electricity generation categories.

AR All noncriteria pollutants EPA 1996 AP-42 factors have a self-assigned 'Poor' quality rating for gas Poor Given 'Poor' rating for several reasons, including primarily that I)
and 'Average' to 'Poor' quality rating for petroleum. overall AP·42 self-assigned ratings are 'Average' and 2) data

applies to 1995.

URANIUM
PM Uranium EIA 1998b Measured data, yet had to scale using an unproven scaling Average Measurements provide the highest quality data, yet the scaling

mechanism. mechanism utilized introduces potential error.

AM Cooling water CEC 1979 Only source located in which cooling water requirements were Unknown CEC did not list its data sources.
detailed for the main electricity generation categories.

SW Spent fuel EIA 1996 Estimates the quantity of spent fuel that will be generated in the Excellent Although not directly measured, use ofrecently measured data
US in 1997, using measured historical records and knowledge of along with in-depth knowledge of future industry changes to
what facilities will be changing operating patterns in future years project value earns an 'Excellent' rating.
(from 1996 perspective).

SW LLRW Loiselle 1998 Estimated by an industry expert. - Average Lack of any measured data gives way to an 'Average' rating.

RR Airborne railionuclides ORNLI995 Averaged measured data from nuclear generation facilities. Excellent Measurements provide the highest Quality data.

RR Waterborne radionuclides ORNL1995 Averaged measured data from nuclear generation facilities. Excellent Measurements provide the highest auality data.

• Input/Output (YO) types: PM =primary materia~ AM =ancillary material, SW =solid waste, AR =airbome release, WR =water release,
RR = radioactive release. .

b The data quality ratings given were assigned to one of the following four data quality categories: Excellent, Avera&e, Poor and Unknown.
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5.3 Gas & Petroleum

Each of these data sets utilize the EIA's Electric Power Annual for the primary fuel
consumption estimates and AP-42 data for the air emissions. The EIA data were given
'Excellent' data quality marks as these data are reported as direct measurements and applicable to
1997. The air emissions were given a quality rating of 'Poor' for the same two reasons the coal
inventory data AP-42 estimates were given that rating. .

5.4 Uranium

For the nuclear-related inputs and outputs, the largest category of input or output type
information was radionuclide emissions. The radionuclide emission information contained in the
report was obtained by averaging radionuclide emissions data from 36 different pressurized water
reactors (PWRs) across the U.S. (out of just over 110 nuclear reactors total in the U.S.). As
discussed previously, the emissions were not found to directly correlate to electricity generation
(kWh) or generating capacity (kW), but "were more likely affected by random events within the
reactor, such as fuel pin cladding failures, leaks in the primary coolant loop and steam-generator
tube leaks" (ORNL 1995). Thus, all factors considered, the overall data quality rating for these
emissions was deemed 'Average.' The mass of uranium consumed annually was given the
'Excellent' rating as this information is measured through reporting supplied to the EIA and
applicable to 1997.

Of the remaining inputs and outputs, most received higher quality ratings except for the
cooling water values which received the 'Unknown' rating due to alack of information on the
original data source.

6. DATA LIMITATIONS

Several limitations of the U.S. electrical energy grid inventory data relate to the exclusion
of either entire generation categories (e.g., hydro) or life-cycle substages (see Table 2). For
example, no data are readily available for the life-cycle substages of ore and fuel transportation
and preliminary ore or fuel processing. Examples of ore and fuel transportation and processing
burdens for which insufficient data are available include the emissions generated during the
processing of crude oil to produce fuel oils Nos. 6 and 2, and the energy use and wastes
generated during the processing of uranium ore into fuel pellets.

With regard to the exclusion of entire generation categories, the renewable and
hydroelectric generating categories have not been included in this U.S.-wide inventory.
Renewables accounted for only about 0.24% of the total electricity generated in the U.S. in 1997,
and are expected to have greatly reduced impacts when compared to the other fuel types.
Hydropower was omitted, as stated previously, due to the scarcity of data on hydroelectric inputs
and outputs, and also that the CDP LCIA methodology does not account directly for the effects of
habitat destruction (expected to be one of the largest impacts from hydroelectric generation once
quantified).

Other limitations of the data are related to the use of AP-42 emissions factors, primarily
due to the. fact that EPA's own ratings of thei.r factors are, at best, 'Average' (see discussion in
Section 5.2). Other data limitations include the small number of sources from which much of the
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data have been obtained. Not necessarily as muchla limitation of the data as a lilnitation in the
sources of the data, this is still an area for quality improvement. Also, as noted previously,
nonutility electricity generation in the U.S. is excluded from this inventory, and accounts for
about 11% of the total electricity generated annually.

i

I

There are some implications that can be d~rived from the limitations mentioned here on
the U.S.-wide electric grid inventory data. These implications include the following:

• Since there are currently no other sources ~f detailed air emission information like AP-42,
there is no way of knowing just how accurate their estimates are (possibly predicting a
bias in one direction or the other). It appears that the reason that the EPA's quality .
ratings of their AP-42 data tend toward 'Average' is that in quite a few cases, einissions
test were run on only a small number of boilers. Without a larger body of data on which
to base the emission factors, it is not kno~n how the use of these factors biases 'the
results.

• The exclusion of the inputs and outputs from materials extraction, the initial and
secondary materials processing stages, ano the associated transportation for several fuel
types (see Table 2) will underestimate the :total inventory from electricity generation.
Especially when considering the massive ~ount of processing that is required to develop
the uranium fuel pellets that are used in nttclear generation, this may be the largest
influence of all the biases for this inventoJ.1Y. (It should also be noted that these
processing steps for developing uranium pellets are extremely energy intensive, thus
decreasing the efficiency of not only the nhclear electricity generation process, hut also
the whole grid's overall efficiency as well!) , ,

• The exclusion of the hydropower and rendwable generation types should have little effect
on the U.S.-wide ~lectric grid inventory d~ta because the renewables are a minimal

I

percentage of the total generation, and hydropower involves no combustion and thus
would have minimal impacts.

• The exclusion of the nonutility-type generation brings two major issues forward. First,
nonutilities use cogeneration the majority iof the time to produce electricity (EIA 1997).
Cogeneration utilizes two cycles to produce electrical energy and another form of usable
energy (typically steam) thereby increasing the overall efficiency of the energy conversion
process. Second, renewables (including H~dropower) andgas make up 76% of the energy
generation type for nonutilities, two of the lesser polluting types of electricity generation.

I ,

These two factors should combine to, for the average kWh, decrease not only the quantity
of raw materials needed as inputs but alsolthe amount of air emissions generated as
outputs for the inventory. .

Finally, the Japanese inventory is limited by having been derived from the U.S. fuel-specific
I ,

inventories and may not accurately represent electricity production operations in Japan.
Overall, with some implications inferring! an underestimate in the inventOly and some

inferring an overestimate, it is uncertain which w:ay the inventory may be biased. To a certain
extent, the lessened impacts from the exclusion ~f nonutility electricity production data seem to
offset the exclusion of the processing and transpdrtation life-cycles substages data. However, the

I
I
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exclusion of this relevant data hampers the effort to bUIld a completely accurate and
representative electric grid inventory.

7. CONCLUSIONS

The U.S. electric grid inventory data presented in this TM will be used to determine the
environmental burdens that result from energy consumption in the U.S. using the CDP LCIA
methodology. To summarize the work done in this analysis and its use within the CDP, the
following is presented:

• The fuel-specific inventories for each of the four primary generation categories used in
the average electric grid were compiled from a variety of sources, and then the fuel
specific inventories were combined using a generation-based weighted average to develop
the U.S.-wide and Japanese electrical energy grid inventories of material inputs and
pollutant outputs in units of grams of input or output per kWh consumed (except for
radioactive materials which were placed in units of BecquerelsIkWh).

• The U.S.-wide electrical energy grid inventory data are used in the CDP to calculate
material inputs and pollutant outputs from electricity consumed during some
manufacturing, use, and final disposal of computer displays.

• The Japanese electrical energy grid inventory data are used in the CDP to calculate
material inputs and pollutant outputs from electricity consumed during the manufacturing
of monitors in Asia. .

• The electrical energy grid data are not used for upstream life-cycle stages (i.e., extraction
of materials, materials processing) as these are being obtained from secondary sources
which already have included the inputs and outputs from energy consumption.

Once the data have been gathered for all of the CDP processes of interest and the inputs
and outputs for each of these processes have been analyzed from a life-cycle perspective, the
results will help identify how important the impacts of energy consumption are throughout a
monitor's life-cycle.
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CCPCT
CEC
CH4

CO
CO2

DOE
EIA
EPA
FGD
GWh
HCI
HF
kWh
LeA
LeI
LLRW
MW
Mwh
N20
NOx
ORNL
PAH
Pb
PM-lO
PWR
S02
TNMOC
TOC
TRI
U 30 S

UT

ACRONYMS/ABBREVIATIONS

Center for Clean Products and Clean Technologies
California Energy Commission
Methane
Carbon monoxide
Carbon dioxide
Department of Energy
Energy Information Administration,
Environmental Protection Agency
Flue Gas Desulfurization
Gigawatthour
Hydrogen chloride
Hydrogen fluoride
kilowatthour
Life-cycle assessment
Life-cycle inventory
Low-level radioactive waste
Megawatt
Megawatthour
Nitrous oxide
Oxides of nitrogen
Oak Ridge National Laboratory
Polycyclic aromatic hydrocarbons·
Lead
Particulate matter 10 microns or le$s in diameter
Pressurized Water Reactor
Sulfur dioxide
Total nonmethane organic carbon
Total organic carbon
Toxic Release Inventory
Uranium oxide
University of Tennessee

I
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ATTACHMENT A. COAL INFORMATION WORKSPACE

E I d" A" E " "

A· E " "

dOR I dIa e . eneratIon e ate nputs an utputs· xcu mg Ir mISSions
MateriallPollutant Quantity Uriits Converted Quantity Units

Inputs

Ancillary Materials

Water [a] 0.49 gallonslkWh --- ---
Limestone [b] 12,091,817 tons/yr --- ---
Lime [b] 5,310,548 tons/yr --- ---
Outputs

SOLID WASTES [c]

Dust/sludge 55.143 tons/GWh 1.l0E+02 IbslMWh

Coal waste 142.857 tons/GWh 2.86E+02 IbslMWh

Flylbottoril ash 35.714 tons/GWh 7.14E+Ol IbslMWh

WASTEWATER EMISSIONS [c]

Dissolver 0.278 tons/GWh 5.56E-01 IbslMWh

Suspended solids 0.005 tons/GWh 1.00E-02 IbslMWh

Sulfate 0.192 tons/GWh ~ 3.84E-01 IbslMWh
[a] CEC (1979).
[b] Primary data used to calculate these values fromEIA (1997); however, data were modified to derive nationwide
average.
[c] ORNL (1994).

a e . nlDg eae muu s· e ane Ir lDlSSIOnS
Pollutant IQuantity [a] IUnits IConverted Quantity [b] IUnits

Outputs

Methane I 169,906 Imillion ft 3/yr . I 1.52E+051million ft 3/yr

T bl Al Mi· R ltd 0 t t M th

T bl A2 G

[a] Value pertams to methane enussIOns related to all coal nuned natIOn-WIde In U.S. (EPA 1998a).
[b] This value represents methane emissions from coal mined exclusively for electricity generation. It is calculated
based on the knowledge that 89.6% of the coal mined in the U.S. in 1997 was for electricity generation, thus the toal
methane emissions are multiplied by 89.6% to obtain the emissions from electricity generation alone.
(EIA web page: http://www.eia.doe.gov/cneaflcoaVcialsummary/cia_sum.html, 1997).
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Table A3. Generation Related Outputs - Air Emissions [a]
Pollutant i Quantity EPA's Factor Raging [b]

(lbs/ton of coal)

Outputs i

Miscellaneous Compounds [c]

Methane , 0.04 B

Nitrous oxide I 0.03 B

Hydrogen chloride I 1.2 BI

Hydrogen fluoride I 0.15 B

Total organic compounds I 0.3 E

Total nonmethane organic compounds
,

0.06 B

Speciated Organic Compounds [d], [e] I

Acetaldehyde 5.70E-04 C

Acetophenone i 1.50E-05 D

Acrolein ! 2.90E-04 D

Benzene
I

1.30E-03 AI
Benzyl chloride 7.00E-04 D

Bis(2-ethyhexyl)pththalate (DEHP) I 7.30E-05 D

Bromoform I 3.90E-05 E

Carbon disulfide 1.30E-04 D

2-Chloroacetophenone 7.00E-06 E

Chlorobenzene i 2.20E-05 D

Chloroform
I

5.90E-05 E

Cumene I 5.30E-06 EI

Cyanide I 2.50E-03 D

2,4-Dinitrotoluene I 2.80E-07 D

Dimethyl sulfate I 4.80E-05 EI

Ethyl benzene I . 9.40E-05 D

Ethyl chloride ! 4.20E-05 D

Ethylene dichloride
I 4.00E-05 E

Ethylene dibromide 1.20E-06 E

Formaldehyde 2.40E-04 A

Hexane 6.70E-05 D

Isophorone 5.80E-04 D

Methyl bromide 1.60E-04 D

Methyl chloride I 5.30E-04 D

Methyl ethyl ketone I 3.90E-04 D
.

Methyl hydrazine 1.70E-04 E

Methyl methacrylate 2.00E-05 E

Methyl tert butyl ether 3.50E-05 E

Methylene chloride i 2:90E-04 D
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Table A3. Generation Related Outputs· Air Emissions [a]
Pollutant Quantity EPA's Factor Raging [b]

(lbs/ton of coal)

Phenol 1.60E-05 D

Propionaldehyde 3.80E-04 D

Tetrachloroethylene 4.30E-05 D

Toluene 2.40E-04 A

I,1,1-Trichloroethane 2.00E-05 E

Styrene 2.50E-05 D

Xylenes 3.70E-05 C

Vinyl acetate 7.60E-06 E

Trace Metals [dJ, [e]

Antimony 1.80E-05 A

Arsenic 4.1OE-04 "A

Beryllium 2.1OE-05 A

Cadmium 5.1OE-05 A

Chromium 2.60E-04 A

Chromium (VI) 7.90E-05 D

Cobalt 1.00E-04 A

Magnesium 1.l0E-02 A

Manganese 4.90E-04 A

Mercury 8.30E-05 A

Nickel 2.80E-04 A

Selenium 1.30E-03 A

Polycyclic Aromatic Hydrocarbons [d], [e]

Biphenyl 1.70E-06 D

Acenaphthene 5.IOE-07 B

Acenaphthylene 2.50E-07 B

Anthracene 2.lOE-07 B

Benrnzo(a)anthracne 8.00E-08 B

Benzo(a)pyrene 3.80E-08 D

Benzo(b,j,k)fluoranthene 1.l0E-07 D

Benzo(g,h,i)perylene 2.70E-08 D

Chrysene 1.00E-07 C

Fluoranthene 7.IOE-07 B

Fluorene 9.IOE-07 B

Indeno(I ,2,3-cd)pyrene 6.lOE-08 C

Naphthalene 1.30E-05 C

Phenanthrene 2.70E-06 B

Pyrene 3.30E-07 B

5-Methyl chrysens 2.20E-08 D
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Table A3. Generation Related Outputs - Air Emissions [a]
Pollutant

I

EPA's Factor Raging [b]! Quantity
! (Ibs/ton of coal)

Dioxins &,Furans [d], [f] I
I

2,3,7,8-TCDD I 1.43E-11 E

Total TCDD I 9.28E-11 D

TotalPeCDD I 4.47E-11 D
I

Total HxCDD 2.87E-ll D

Total HpCDD I 8.34E-ll D

Total OCDD I 4. 16E-10 D

TotalPCDDd
I

6.66E-1O D

2,3,7,8-TCDF 5.lOE-11 D

Total TCDF 4.04E-10 D

TotalPeCDF ! 3.53E-10 D

Total HxCDF I 1.92E-1O D

Total HpCDF I 7.68E-11 D

TotalOCDF I 6.63E-11 D'

Total PCDFd l.09E-09 D

TOTALPCDDIPCDF 1.76E-09 D
[a] All the arr eIDJssions presented here are from EPA's AP-42 factors (EPA 1996).
[b] "EPA's AP-42 emissions factor rating is an overall assessment of how good a factor is, based on both the quality
of the test(s) or information that is the source of the factor and on how well the factor represents the emission
source." (EPA 1996) EPA's factor ratings are as follows:
A =Excellent; B =Above Average; C =Average; D = Be~ow Average;' and E = Roor.
[c] Due to a lack of data on firing configurations for all UIS. boilers, the pulverized coal (PC), dry, wall-fired boiler
firing configuration (the most common configuration in the U.S.) was chosen as the representative configuration.
Additionally, the factors for methane, nitrous oxide" total organic compounds and total nonmethane organic
compounds are for uncontrolled emissions, while the values for hydrogen chloride ,and hydrogen fluoride are for
controlled and uncontrolled emissions (measurements we~e taken from different facilities were some had control
equipment and others did not).
[d] These are all controlled factors.
[e] Apply to bituminous, subbituminous and ignite coal types. Even though these factors apply only to these three
coal types, the emission factors are applied to all coal types. This was done for two reasons: 1) because no factors
were given for the remaining coal types; and 2) those remaining coal types do generate some of these emissions, and
it would have been erroneous to consider then 'pollutant-free."
[f] Apply to bituminous and subbituminous coal types. Even though these factors apply only to these two coal
types, the emission factors are applied to all coal types. This was done for two reasons: 1) because nq factors were
given for the remaining coal types; and 2) those remaining coal types do generate some of these emis~ions, and it
would have been erroneous to consider them 'pollutant-free.'
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ATTACHMENT B. GAS INFORMATION WORKSPACE

R I dO

Table B1. Generation Related Inputs

[a] All outputs for gas-fired generation are air emissions and are from the EPA's AP-42 emISSIOn factors (EPA
1996).
[b] "EPA's AP-42 emissions factor rating is an overall assessment of how good a factor is; based on both the quality
of the testes) or information that is the source of the factor and how well the factor represents the emission source
(EPA 1996). EPA's factor ratings are as follows: A =Excellent; B =Above Average; C =Average; D =Below
Average; and E =Poor.
[c] Factors are for uncontrolled combustion.
[d] Each of the seven factors provided are for controlled and uncontrolled combustion.
[e] Factors are for controlled combustion.

a e . eneratIon e ate utputs
PoIJutant Quantity EPA's factor rating [b]

(lbs/million ft3 of gas)

Outputs

AIR EMISSIONS [a]

Miscellaneous Compounds [c]

Nitrous oxide 2.2 C

Total organic compounds 1.7 C

Speciated Organic Compounds [d]

Fluoranthene 3.lOE-06 E

Formaldehyde 1.55E-01 C

2-Methylnaphthalene 9.02E-06 E

Naphthalene 2.40E-04 E

Phenanthrene 1.00E-05 E

Pyrene 5.lOE-06 E

Toluene 2.20E-03 E

Trace Metals [e]

Arsenic 2.30E-04 E

Barium 2.40E-03 E

Chromium 1.10E-03 E

Cobalt 1.20E-04 E

Copper 2.51£-04 E

Manganese 3.8lE-04 E

Molybdenum 5.81E-04 E

Nickel 3.61E-03 E

Vanadium 3.21E-03 E

[a] CEC (1979). The value lIsted under 'Combmed Cycle' m the reference was used for gas-fired generation since the majority
of combined cycle units's top cycle is fired by gas.

T bl B2 G

Material IQuantity IUnits

Inputs

Ancillary Materials

Water [a] I 0.251 gallonslkWh
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I
ATTACHMENT C. PETROLEUM INFORMATION WORKSPACE,

Table Cl. Generation Related Inputs
Material Quantity Bnits
Inputs I

ANCILLARY MATERIALS I

Water [a] 0.43 gallons/kWh
[a] CEC (1979).

Table C2. Generation Related Outputs
Pollutant Quantity EPA's Quantity EPA's Quantity EPA's

(Ibs/thousand factor (lbs/thousand factor (Ibs/thousand factor
gallons of oil) rating [b] gallons of oil) rating [b] gallons of oil) r,ating [Ib]-Fuel Oil #6 Fuel Oil #2 Averlllge Factors

Outputs

AIR EMISSIONS [a]

Miscellaneous Compounds [c] I ,
I

Methane 0.28 A 0.OS2 A 2.66E-01 A

Nitrous oxide 0.1'1 B 0.11 B 1.l0E-01 B

Total organic compounds 1.04 A I 0.2S2 A 9.93E-01 A

Total nonmethane 0.76 A I 0.2 A 7.26E-01 A,

organic compounds I
I

Speciated Organic Compounds [d] ,
I :
f

Acenaphthene 2. lIE-OS C 2. lIE-OS C

Acenaphthylene 2.S3E-07 D i 2.53E-07 D

Anthracene 1.22E-06 C I 1.22E-06 C!
Benzene 2.14E-04 C I 2.14E-04 C

Benz(a)anthracene 4.0lE-06 C I 4.01E-06 CI

Benzo(b,k)fluoranthene 1.48E-06 C I 1.48E-06 C

Benzo(g,h,i)perylene 2.26E-06 C I 2.26E-06 CI .-
Chrysene 2.38E-06 C 2.38E-06 C

Dibenzo(a,h)anthracene 1.67E-06 D 1.67E-06 D

Ethylbenzene 6.36E-OS E 6.36E-OS E --
Fluoranthene 4.84E-06 C 4.84E-06 C

Fluorene 4.47E-06 C 4.47E-06 C

Formaldehyde 3.30E-02 C 3.30E-02 C

Indo(1,2,3-cd)pyrene 2.14E-06 C 2.14E-06 C

Naphthalene 1.l3E-03 C 1.l3E~03 C

OCDD 3.10E-09 E
I

3.lOE-09 E --
Phenanthrene 1.0SE-OS C 1.0SE-OS C

Pyrene 4.2SE-06 C I 4.2SE-06 CI

Toluene 6.20E-03 D I 6.20E-03 D



Table C2. Generation Related Outputs
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[a] All outputs for oll-fIred generatIon are arr eITI1SSlOnS and are from the EPA's AP-42 eITI1SS10n factors (EPA
1996).
[b] liEPA's AP-42 emissions factor rating is an overall assessment of how good a factor is, based on both the quality
of thetest(s) or infonnation that is the source of the factor and on how well the factor represents the emission
source" (EPA 1996). EPA's factor ratings are as follows: A ='Excellent; B = Above Average; C = Average; D =
Below Average; and E = Poor.
[c] Factors are for uncontrolled combustion of all pollutants, except for N20. No infonnation was provided as to
the control of N20 emissions. .
[d] N() information was provided as to the control of these pollutants. No emission factors were presented for fuel
oil #2, thus, the factors for #6 were considered the same for #2. Even though one cou1dassume that fuel oil #2
shouid have smaller quantities of pollutants to contribute per equivalent volume than fuel oil #6 (due to #6 being a
residual oil and # 2 being a distillate), some of the results from the trace metals table contradict that assumption,
thus substantiating this action. .
[e] No information was provided as to the control of these pollutants. Where no fuel oil #2 emission factor was
given, the factor for fuel oil #6 was used for both fuel oils. Even though one could assume that fuel oil #2 should
have smaller quantities of pollutants to contribute per equivalent volume than fuel oil #6, some of the results from
this table (where factors were reported for both fuel oils) contradict that assumption, thus substantiating this action.

"

Pollutant Quantity EPA's Quantity EPA's Quantity EPA's
(lbslthousand factor (lbs/thousand factor (lbs/thousand factor
gallons of oil) rating[b] gallons of oil) rating [b] gallons of oil) rating [b]

Fuel Oil #6 Fuel Oil #2 Average Factors

1,1,1-Trichloroethane 2.36E-04 E 2.36E-04 E

o-xvlene 1.09E:-04 E 1.09E-04 E
Trace Metals [e]
Antimony 5.25E-03 E 5.25E-03 E

Arsenic 1.32E~03 C 5.88£-04 E 1.28E-03 C
Barium 2.57E-03 D 2.57E-03 D

Beryllium 2.78E-05 C 3.50E-04 E 4.7lE-05 C
Cadmium 3.98E-04 C 1.54E-03 E 4.67E-04 C
Chloride 3.47E-01 D 3.47E-01 D

Chromium 8.45E-04 C 8.05E-03 E 1.28E-03 C
Chromium (VI) 2.48E-04 C 2.48E-04 C

Cobalt 6.02E-03 D 6.02E~03 D

Copper 1.76E-03 C 1.76E-03 C
Fluoride 3.73E-02 D 3.73E-02 D

Manganese 3.00E-03 C 1.96E-03 E 2.94E-03 C
Mercury 1.13E-04 C 4.20E-04 E 1.3IE-04 C

Molybdenum 7.87E-04 D 7.87E-04 D

Nickel 8.45E-02 C 2.38E-02 E 8.09E-02 C

Phosphorous 9.46E-03 D 9.46E-03 D

Selenium 6.83E-04 C 6.83E-04 C

Vanadium 3.18E-02 D 3.18E-02 D

Zinc 2.91E-02 D 2.91E-02 D
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Table C3. Miscellaneous Calculation Information
Quantity i IUnit Quantity IUnit,

Fuel Oil #6 Fuel Oil #2

iI'ype of petroleum used at utilities [a] :941% 6f%

AP-42 heat values for fuel oils [f] 152,dOOlbtuigal 140,OOOlbutlgal
[a] Source: EIA's "Cost & Quality of Fuels for Electric Utility Plants 1997."
[b] EPA (1996). I
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APPENDIXE

Table D2. Generation Related Outputs· Radionuclide Emissions

rd EO.dOt tEl d· R dOtf RltdI

[a] Known as 'yellowcake,' thIS post-wl1hng uramum product IS sent to converSlOn faclhtles (EIA 1998b).
[b] CEC (1979).
[c] EIA (1996); Table 18.
[d] ;Loisell (1998).

T bl Dl G

ATTACHMENT D. NUCLEAR INFORMATION WORKSPACE

. Isotope Quantity Units Converted Quantity Units [d] .

Outputs [a], [b], [c]

AIRBORNE RAD:a:ONUCLIDE EMISSIONS

T-3 5.98E+Ol Curies/yr 7.33E-06 CurieslMWh

Ar-41 2.55E+01 Curies/)'!" 3.13E-06 CurieslMWh

Cr~51 1.60£-03 Curies/yr 1.96E-I0 CurieslMWh

Mn-54 2.27E-05 Curies/yr 2.78E-12 CurieslMWh

Co-57 4.30E-06 Curies/yr 5.27E-13 CurieslMWh

Co-58 5.49E-05 Curies/yr 6.73E-12 CurieslMWh

Co-60 4.13E-04 Curies/yr 5.06E-11 CurieslMWh

Kr-85 4.23E+Ol Curies/yr 5.18E-06 CurieslMWh

Kr-85M 2;05E+00 Curies/yr 2.51E-07 CurieslMWh

Kr-87 7.63E-01 Curies/yr 9.35E-08 CurieslMWh

Rb-88 8.38E~03 Curies/yr 1.03E-09 CurieslMWh

Kr-88 3.58E+00 Curies/yr 4.39E-07 CurieslMWh

Br-89 2.95E-06 Curies/yr 3.62E-13 CurieslMWh

Br-90 1.20E-06 Curies/yr 1.47E-13 CurieslMWh

Nb-95 9.02E-07 Curies/yr l.1lE-13 CurieslMWh

Zr-95 2.33E-06 Curies/yr 2.86E-13 CurieslMWh

Tc-99M 1.2lE-07 Curies/yr 1.48£-14 CurieslMWh

Ag-llOM 2.69E-08 Curies/yr 3.30E-15 CurieslMWh

1-131 1.93E-03 Curies/yr 2.37E-10 CurieslMWh

a e . enera Ion eae npn san mOll s· XCll m~ a lonllC I e missions
Materia1lPollutant Quantity Units Converted Quantity Units

Inputs

PRIMARY MATERIALS

Uranium oxide [a] 48,700,000 lbs/yr --- ---

ANCILLARY MATERIALS

'Water [b] 0.62 gallonslkWh --- ---
Outputs

SOLIDIHAZARDOUS WASTES

Uranium (spent fuel generated) [c] 2,400 metric tons/yr 5.29E+06 lbs/yr

Low-level radioactive waste [d] 220,500 cubic feetiyr --- ---
. . . , .
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Table D2. Generation Related Outputs. Radionuclide Emissions
Isotope Quantity Units Converted Quantity Units [d]

Xe-131M 3.45E+00 Curies'/yr 4.23E-07 CurieslMWh

1-132 3.92E-04 Curies/yr 4.80E-11 CurieslMWh

Xe-133 4.98E+02 Curies/yr 6.1OE-05 CurieslMWh

1-133 1.79E+OO Curies/yr 2.19E-07 CurieslMWh

Xe-133M 3.3IE+01 Curies/yr 4.06E-06 CurieslMWh

Cs-134 8.lOE-05 Curies'/yr 9.93E-12 CurieslMWh

1-134 2.03E-03 Curies/yr . 2.49E-1O CurieslMWh

Xe-135 1.88E+Ol Curies/yr 2.30E-06 CuriestMWq.

1-135 1.02E-04 Curies/yr 1.25E-11 CurieslMWll

Xe-135M 3.59E-Ol Curies/yr 4.40E-08 CurieslMWh

Cs-137 6.1IE-04 Curie~/yr 7.49E-11 CurieslMWh

Xe-138 1.19E+OO Curies/yr 1.46E-07 CurieslMWll

T-3 4.47E+02 Curies/yr 5.48E-05 CurieslMWh

Na-24 2.24E-03 Curies/yr 2.75E-1O CurieslMWh

Cr-51 6.07E-02 Curies/yr 7.44E-09 CurieslMWh

Mn-54 4.00E-02 Curies/yr 4.90E-09 CurieslMWh

Fe-55 1.43E-Ol Curies/yr 1.75E-08 CurieslMWh

Co-57 1.47E-03 CurieSlyr 1.80E-1O CurieslMW~

Co-58 5.98E-Ol CurieSlyr 7.33E-08 CurieslMWh

Fe-59 7.34E-03 CurieSlyr 9.00E-1O CurieslMWh

Co-80 1.57E-Ol Curies/yr 1.92E-08 CurieslMWh

Zn-85 6.75E-04 Curies/yr 8.27E-11 CurieslMWh

Kr-85M 3.78E-02 Curie$/yr 4.63E-09 CurieslMWh

Sr-89 2.42E-03 Curid/yr 2.97E-I0 CurieslMWh

Sr-90 5.69E-04 Curid/yr 6.97E-11 CurieslMWh

Nb-95 1.03E-02 Curies/yr 1.26E-09 CurieslMWh

Sr-95 6.27E-03 Curie$/yr 7.68E-I0 CurieslMWh

Mo-99 7.55E+04 Curies/yr 9.25E-03 CurieslMWh

Tc-99M 8.78E-04 Curies/yr 1.08E-I0 CurieslMWh

Ru-l03 1.26E-03 Curies/yr 1.54E-1O Curies/MWll

Ag-llOM 1.47E-02 Curies/yr 1.80E-09 CurieslMWh

Sn-1l3 1.39E-03 Curies/yr 1.70E-I0 CurieslMWh

Sb-124 1.26E-02 Curies/yr 1.54E-09 CurieslMWh

Sb-l25 5.02E-02 Curies/yr 6.15E-09 CurieslMWh

1-131 2.80E-02 Curie~/yr 3.43E-09 CurieslMWh

Xe-131M 4.60E-Ol Curie~/yr 5.64E-08 CurieslMWh

1-132 1.06E-02 Curies/yr 1.30E-09 CurieslMWh

Xe-133 7.07E+Ol Curies/yr 8.66E-06 CurieslMWh

1-133 1.20E-02 Curies/yr 1.47E-09 CurieslMWh

E~44,
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Table D2. Generation Related Outputs. Radionuclide Emissions
Isotope Quantity Un.its Converted Quantity Units [d)

Xe-133M 5.79E-01 Curies/yr 7.10E-08 CurieslMWh

Cs-134 3.37E-02 Curies/yr 4.13E-09 CurieslMWh

1-135 8.61E-03 Curies/yr 1.06E-09 CurieslMWh

Xe-135 5.27E-01 Curies/yr 6.46E-08 CurieslMWh

s-136 1.35E-03 Curies/yr 1.65E-10 CurieslMWh

Cs-137 5.06E-02 Curies/yr 6.20E-09 CurieslMWh

Ba-140 9.34E-04 Curies/yr 1.14£-10 CurieslMWh

La-140 1.00E-03 Curies/yr 1.23E:'10 CurieslMWh
[a] ORNL (1995).
[b] There were 111 operating commercial nuclear power stations in the U.S. in 1995, of which 75 were PWRs
(presssurized-water reactors) and 36 were BWRs (boiling-water reactors). Of the PWRs, 52 were designed by
Westinghouse; the remaining 23 were designed by either ABB or Babcock & Wilcox. Ftom the available data, the
authors chose to use data from all Westinghouse PWRs with greater than 800 MWS capacity (36 facilities) in
attempts to gather consistent data for
their calculations on transport and dose-effects for their reference PWR.
[c) "These emissions are characterisitc of normal (nonaccident) emissions, and did not appear to readily correlate to
MWhs produced or reactor capacity. Amounts produced are more likely affected by random events within reactor,
such as fuel pin cladding failures, leaks in.the primary coolant loop, steam-generator tube leaks, etc." (ORNL 1995,
pp; 6-35 & 6-36).
[d] The units of CurieslMWh were derived by dividing the Curies/yr values by the number of MWhs produced
annually in the virtual facility discussed in the source for this information (8,160,000 MWhIyr).
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ATTACHMENT E. SUMMARY INFORMA'IjION WORKSPACE

~~ . .

• In the tables in this Appendix, "US kWh" is utilized to identify values that are representative of an av~rage U.S.
kWh in 19970 I.!
• Unless stated othenvise, the sources for the data presented here are detailed in Attachments A througHD.

ts dOt tEl dO AO E 0 0f RI tdIa e . enera Ion eae nou an utpu S- xcu lD2 Ir mISSIOns
Material/Pollutant Quantity Units Converted Quantity Units
Inputs

PRIMARY MATERIALS
Coal 900,361,000 tons/yr 2.83E+02 gramslUS kWh

Gas 2,968,453,000,000 ft3Jyr 2.20E+01 gramslUS kWh

Petroleum 5,256,132,000 agallyr 5.99E+00 gramslUS kWh

Uranium (yellow cake) 48,700,000 lbs!yr 7.64E-03 grarnslU$ kWh

ANCILLARY MATERIALS ,

Limestone 12,091,817 tons/yr 3.79E+QO gramslUS kWh

Lime 5,310,548 tons/yr 1.67E+00 grarnslUS kWh

Water 11,426,836,328,400 lbslyr 1.79E+03 grarnslU~ kWh

Outputs

SOLID WASTES
Dust/sludge 197,169,972,516 Ibs/yr 3.09E+01 gramslUS kWh

Coal waste 510,801,203,484 lbs!yr ~.01E+01 grarnslUS kWh

Flylbottom ash 127,699,406,968 lbs/yr 2.00E+01 grarnslUS kWh

Uranium (spent fuel 1.83E-06 IbslkWh 8.30E-04 grarnslUS kWh
generated)

llRW 6.lOE-06 IbslkWh 2.77E-03 gramslUS kWh

WATER RELEASES. I

Dissolver 994,020,136 lbs!yr 1.56£-01 gramslUS kWh

Suspended solids 17,878,060 lbs/yr 2.80£-03 grarnslUS kWh

Sulfate 686,517,504 lbs!yr 1.08E-01 grarnslUS kWh

T hI El G
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Table E2. Generation Related Outputs - Air Emissions -
Pollutant Quantity Units Converted Quantity Units

Outputs

Criteria Pollutants [a]

Carbon dioxide 2,231,433,058 tons/yr 6.48E+02 gramslUS kWh

Nitrogen oxides 6,178,000 tons/yr 1.79E+00 gramslUS kWh

Sulfur dioxide 13,082,000 tons/yr 3.80E+00 gramslUS kWh

Carbon monoxide 406,000 tons/yr 1.18E-01 gramslUS kWh

Lead 64 tons/yr 1.86E-05 gramslUS kWh

Particulate matter (10 microns or 290,000 tons/yr 8.43E-02 gramslUS kWh
less)

Uncategorized PpUutants

Methane (includes coal mining 6,473,160,931 lbs/yr 1.02E+00 gramslUS kWh
releases)

Nitrous oxide 34,119,601 lbs/yr 5.35E-03 gramslUS kWh

Hydrogen chloride 1,080,433,200 lbs/yr 1.70E-01 gramslUS kWh

Hydrogen fluoride 135,054,150 lbs/yr 2.12E-02 gramslUS kWh

Total organic compounds 280,372,537 lbs/yr 4.40E~02 gramslUS kWh

Total nonniethane organic 57,839,714 lbs/yr 9.07E-03 gramslUS kWh
compounds ,

Speciated Organic Compounds

Acetaldehyde 513,206 lbs/yr 8.05E-05 gramslUS kWh

Acetophenone 13,505 lbs/yr 2.12E-06 gramslUS kWh

Acrolein 261,105 lbs/yr .' 4.lOE-05 gramslUS kWh

Benzene 1,171,594 lbs/yr 1.84E-04 gramslUS kWh

Benzo(b,k)fluoranthene 8 lbs/yr 1.22E-09 gramslUS kWh

Benzyl chloride 630,253 lbs/yr 9.89E-05 gramslUS kWh

Bis(2-ethylhexyl)phthalate (DEHP) 65,726 lbs/yr .1.03E-05 gramslUS kWh

Bromoform 35114.079 lbs/yr 5.51E-06 gramslUS kWh

2-Chloroacetopherione 6302.527 lbs/yr 9.89E-07 gramslUS kWh

Carbondisulfide 117046.93 lbs/yr 1.84E-05 gramslUS kWh

Chlorobenzene 19807.942 lbs/yr 3.11E-06 gramslUS kWh.

Chloroform 53121.299 lbs/yr 8.33E-06 gramslUS kWh

Cumene 4771.9133 lbs/yr 7.49E-07 gramslUS kWh

Cyanide 2250902.5 lbs/yr '. 3.53E-04 gramslUS kWh

2,4-Dinitrotoluene 252.10108 lbs/yr 3.96E-08 gramslUS kWh

Dibenzo(a,h)anthracene 8.77774044 lbs/yr 1.38E-09 gramslUS kWh

Dimethyl sulfate 43217.328 lbs/yr 6.78E-06 gramslUS kWh

Ethyl benzene 84968.224 lbs/yr 1.33E-05 gramslUS kWh

Ethyl chloride 37815.162 lbs/yr 5.93E-06 gramslUSkWh

Ethylene .dichloride 36014.44 lbs/yr 5.65E-06 gramslUS kWh

Ethylene dibromide 1080.4332 lbs/yr 1.70E-07 gramslUS kWh
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Table E2. Generation Related Outputs. Air Emissions
Pollutant Quantity Units Converted Quantity Units

Fonnaldehyde 849649.211 lbs/yr 1.33E-04 gramslUS kWh

Hexane 60324.187 lbs/yr 9.46E-06 gramslUS kWh

Indo(1,2,3-cd)pyrene 11.24812248 lbs/yr 1.76E-09 gramslUS ~Wh
Isophorone 522209.38 lbs/yr 8.19E-05 gramslUS kWh

2-Methylnaphthalene 26.77544606 lbs/yr 4.20E-09 gramslUS kWh

Methyl bromide 144057.76 lbs/yr 2.26E-05 gramsIUS kWh

Methyl chloride 477191.33 lbs/yr 7.49E-05 gramslUS KWh

Methyl ethyl ketone 351140.79 lbs/yr 5.51E-05 gramslUS kWh

Methyl hydrazine 153061.37 lbs/yr . 2.40E-05 gramslUS kWh

Methyl methacrylate 18007.22 lbslyi 2.83E-06 gramslUS kWh

Methyl tert butyl ether 31512.635 lbs/yr 4.94E-06 gramslUS kWh

Methylene chloride 261104.69 lbs/yr 4.10E-05 gramslUS kWh

OCDD 0.016294009 lbs/yr 2.56E-12 gramslUS kWh

Phenol 14405.776 lbs/yr 2.26E-06 gramslUS kWh

Propionaldehyde 342137.18 lbs/yr 5.37E-05 gramslUS kWh

Tetrachloroethylene 38715.523 lbs/yr 6.07E-06 gramslUS kWh

Toluene 255205.255 lbs/yr 4.00E-05 gramslUS kWh

1t 1,l-Trichloroethane 19247.66715 lbs/yr 3.02E-06 gramslUS kWh

Styrene 22509.025 lbs/yr 3.53E-06 gramslUS kWh

Xylenes 33313.357 lbs/yr 5.23E-06 gramslUS kWh

o-xylene 572.918388 lbs/yr 8.99E-08 gramslUS ~Wh .

Vinyl acetate 6842.7436 lbs/yr 1.07E-06 gramslUS kWh

Trace Metals

Antimony 43,801 lbs/yr 6.87E-06 gramsIUS kWh

Arsenic _ 376,538 lbs/yt; 5.91E-05 gramslUS KWh

Barium 20,633 Ibs/YI: 3.24E-06 gramsIUS kWh

Beryllium 19,155 Ibs/YJ; 3.01E-06 gramslUS ~Wh

Cadmium 48..371 lbslyt 7.59E-06 gramslUS kWh

Chloride 1,823,878 lbs/yf 2.86E-04 gramslUS kWh

Chromium 244,073 lbs/yr 3.83E-05 gramslUS kWh

Chromium (VI) 72,432 lbs/yr 1.14E-05 gramslUS kWh

Cobalt 122,034 lbs/yr 1.91E-05 gramslUS kWh

Copper 9,996 lbs/yr 1.57E-06 gramslUS kWh

Fluoride 196,054 lbs/yr 3.08E-05 gramslUS kWh

Magnesium 9,903,971 lbs/yr 1.55E-03 gramslUS kWh

Manganese 457,748 lbs/yt 7.18E-05 gramslUS kWh

Mercury . 75,421 lbs/~ 1.18E-05 gramsIUS kWh

Molybdenum 5,861 lbs/yr 9.20E-07 gramslUS kWh

Nickel 687,818 lbs/yr 1.08E-04 gramsIUS kWh
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Table E2. Generation Related Outputs. Air Emissions
Pollutant Quantity , Units Converted Quantity Units

Phosphorous 49,723 lbs/yr 7.80E-06 gramslUS kWh

Selenium. 1,174,059 lbs/yr 1.84E-04 gramslUS kWh

Vanadium 176,674 lbs/yr 2.77E-05 gramslUS kWh

Zinc 152,953 lbslyr 2.40E-05 gramslUS kWh

Polynuclear Aromatic Hydrocarbons (PAHs)

Biphenyl 1,531 lbs/yr , 2.40E-07 gramslUS kWh

Acenaphthene 459 Ibs/yr 8.94E-08 gramslUS kWh

Acenaphthylene 225 lbs/yr 3.55E-08 gramslUS kWh .
Anthracene 189 lbs/yr 3.07E-08 gramslUS kWh

Benzo(a)anthracene 72 lbslyr 1.46E-08 gramslUS kWh

Benzo(a)pyrene 34 lbs/yr 5.37E-09 gramslUS kWh

Benzo(b,j ,k)fluorantbene 99 lbs/yr 1.55E-08 gramslUS kWh

Benzo(g,h,i)perylene 24 lbs/yr 5.68E-09 gramslUS kWh

Chrysene 90 lbs/yr 1.6lE-08 gramslUS kWh

Fluoranthene 639 lbs/yr 1.06E-07 gramslUS kWh

Fluorene 819 lbs/yr 1.32E-07 gramslUS kWh

Indeno(I,2,3-cd)pyrene 55 lbs/yr 8.62E-09 gramslUS kWh

Naphthalene 11,705 lbs/yr 2.88E-06 grams/US kWh

Phenanthrene 2,431 IbS/yr 3.95E-07 gramslUS kWh

Pyrene 297 lbs/yr 5.25E-08 gramslUS kWh

5-~ethylchrysene 20 lbs/yr 3.11E-09 gramslUS kWh

Dioxins & Furans

2,3,7,8-TCDD 0.012875162 lbs/yr 2.02E-12 gramslUS kWh

Total TCDD 0.083553501 Ibs/yr . 1.3lE-ll gramslUS kWh

Total PeCDD . 0.040246137 lbs/yr 6.3lE-12 gramslUS kWh

Total HxCDD 0.025840361 Ibs/yr 4.05E-12 gramslUS kWh

Total HpCDD 0.075090107 lbs/yr 1.18E:.ll gramslUS kWh

Total OCDD 0.374550176 Ibs/yr 6.13E-ll gramslUS kWh

Total PCDDd ' 0.599640426 lbs/yr 9.4lE-11 gramslUS kWh

2,3,7,8-TCD,F 0.045918411 Ibs/yr 7.20E-12 gramslUS kWh

Total TCDF 0.363~45844 Ibs/yr 5.71E-11 gramslUS kWh .

TotalPeCDF 0.317827433 Ibs/yr 4.99E-11 gramslUS kWh

Total HxCDF 0.172869312 Ibs/yr 2.71E-ll gramslUS kWh

Total HpCDF 0.069147725 Ibs/yr 1.08E-ll gramslUS'kWh.

TotalOCDF . 0.059693934 lbs/yr 9.37E-12 gramslUS kWh

TotalPCDFd 0.98139349 Ibs/yr 1.54E-I0 gramslUS kWh

TOTALPCDDIPCDF 1.58463536 Ibs/yr 2.49E-1O gramslUS kWh
[a] The cnterla pollutants were not multiplIed by the tranSmlSSlOn and distribution factor due to therr bemg reported
totals for the electric industry.

E·49



APPENDIXE

Table E3. Generation Related Outputs - Radionuclides
Isotope Quantity Units Converted Quality Units

Outputs

Airborne Radionuclides i

T-3 4606.974412 Curies/yr 5.90E+01 BecquerelslUS kWh

Ar41 1964.5125 Curies/yr 2.51£+01 BecquerelslUS kWh

Cr-51 0.123263529 Curies/yr 1.58E-03 BecquerelslUS kWh

Mn-54 0.001748801 Curies/yr 2.24E-05 Becquerels,.qS kWh

Co757 0.000331271 Curies/Yr 4.24E-06 Becquerel.sr0S kWh

Co-58 0.00422948 Curies/yr 5.41E-05 BecquerelslUS kWh

Co-60 0.031817399 Curies/Yr 4.07E-04 BecquerelslUS kWh

Kr-85 3258.779559 Curies/~ 4. 17E+01 BecquerelslUS kWh

Kr-85M 157.9313971 Curies/tr 2.02E+00 BecquerelslUS kWh

Kr-87 58.78129559 Curies/tr 7.52E-01 BecquerelslUS kWh
Rb-88 0.645592735 Curies/yr 8.26E-03 BecquerelslUS kWh

Kr-88 275.8021471 Curies/Yr 3.53E+00 BecquerelslUS kWh
Br-89 0.000227267 Curies/yr 2.91£-06 BecquerelslUS kWh

Br-90 9.24476E-05 Curies/yr 1.18E.06 BecquerelslUS kWh

Nb-95 6.94898E-05 Curies/yr 8.89E-07 BecquerelslUS kWh

Zr-95 0.000179503 Curies/Yr 2.30E-06 BecquerelslUS kWh

Tc-99M 9.3218E-06 Curies/¥r 1.19E-07 BecquerelslUS kWh

Ag-110M 2.07237E-06 Curies/yr 2.65E-08 Becquerelsf!JS kWh

1-131 0.148686632 Curies/yr 1.90E-03 BecquerelstiJS kWh

Xe-131M 265.7869853 Curies/yr 3.40E+00 BecquerelstUS kWh

1-132 0.030199565 Curies/yr 3.86E-04 BecquerelstUS kWh

Xe-133 38365.77353 Curies/yr 4.91£+02 BecquerelslUS kWh

1-133 137.9010735 Curies/yr 1.76E+00 BecquerelslPS kWh

Xe-133M 2550.014265 Curies/yr 3.26E+01 BecquerelslUS kWh

Cs-134 0.006240216 Curies/yr 7.99E-05 Becquerelst;US kWh

1-134 0.156390603 Curiesfyr 2.00E-03 BecquerelslUS kWh

Xe-135 1448.346471 Curies/yr 1.85E+01 BecquerelslUS kWh

1-135 0.00785805 CuriesJ,yr 1.01£-04 BecquerelstUS kWh

Xe-135M 27.65725441 Curies/y; 3.54E-01 BecquerelslUS kWh

Cs-137 0.04707126 Curies/yr 6.02E-04 BecquerelslUS kWh

Xe-138 91.67725 Curiesfyr 1.17E+00 BecquerelslUS kWh

Waterborne Radionuclides
T-3 34436.74853 Curies/yr 4.41£+02 BecquerelslUS kWh

Na-24 0.172568941 Curies/yr 2.21£-03 Becquerelsl,US kWh

Cr-51 4.676310147 Curies/yr 5.98E-02 BecquerelslUS kWh

Mn-54 3.081588235 Curiesl'yr 3.94E-02 BecquerelslUS kWh

Fe-55 11.01667794 Curiesfyr 1.41E-01 BecquerelslUS kWh

Co-57 0.113248368 Curies/yr 1.45E-03 Becquerelsl,US kWh

Co-58 46.06974412 Curies/yr 5.90E-01 BecquerelslUS kWh
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Table E3. Generation Related Outputs - Radionuclides
Isotope Quantity Units Converted Quality Units

Fe-59 0.565471441 Curies/yr 7.24E-03 BecquerelslUS kWh
Co-80 12.09523382 Curies/yr 1.55E-Ol BecquerelslUS kWh
Zn-85 0.052001801 Curies/yr 6.65E-04 BecquerelslUS kWh
Kr-85M 2.912100882 Curies/Yr 3.73E-02 BecquerelslUS kWh

Sr~89 0.186436088 Curies/yr 2.39E-03 BecquerelslUS kWh
Sr-90 0.043835593 Curies/yr 5.61£-04 BecquerelslUS kWh
Nb-95 0.793508971 Curies/yr 1.02E-02 BecquerelslUS kWh

Sr-95 0.483038956 Curies/yr 6.18E-03 BecquerelslUS kWh
Mo-99 5816497.794 CUries/yr 7.44E+04 BecquerelslUS kWh

Tc-99M 0.067640862 Curies/yr 8.66E-04 BecquerelslUS kWh

Ru-103 0.097070029 Curies/yr 1.24E~03 BecquerelslUS kWh

Ag-llOM 1.132483676 Curies/yr 1.45E-02 BecquerelslUS kWh

Sn-l13 0.107085191 Curies/vr . 1.37E-03 BecquerelslUS kWh
Sb-l24 0.970700294 Curies/yr 1.24E-02 BecquerelslUS kWh

Sb-125 3.867393235 Curies/yr 4.95E-02 BecquerelslUS kWh

1-131 2.157111765 Curies/yr 2.76E-02 BecquerelslUS kWh
Xe-131M 35.43826471 Curies/yr 4.54E-Ol BecquerelslUS kWh

1-132 0.816620882 Curies/yr 1.05E-02 BecquerelslUS kWh
Xe-133 5446.707206 Curies/yr 6.97E+Ol BecquerelslUS kWh

1-133 0.924476471 Curies/yr 1.18E-02 BecquerelslUS kWh

Xe-133M 44.60598971 Curies/yr 5.71E-Ol BecquerelslUS kWh
Cs-134 2.596238088 Curies/yr 3.32£-02 BecquerelslUS kWh

1-135 0.663311868 Curies/yr 8.49E-03 BecquerelslUS kWh

Xe-135 40.599925 Curies/yr 5.20E-01 BecquerelslUS kWh

s-136 0.104003603 Curies/yr 1.33E-03 BecquerelslUS kWh

Cs-137 3;898209118 Curies/yr 4.99E-02 BecquerelslUS kWh

Ba-140 0.071955085 Curies/yr 9.21£-04 BecquerelslUS kWh

La-140 0.077039706 Curies/yr . 9.86E-04 BecquerelslUS kWh

Table E4. Net Generation Information
Generation type [a] Net Generation

(MWhIyr) %

Coal 1,787,806,000 57.255%

Gas 283,625,000 9.083%

PetroleUrtl 77,753,000 2.490%

Nuclear 628,644,000 20.133%

Hydro [b] 337,233,000 10.800%

Renewables [b] 7,462,000 0.239%

Total 3,122,522,000 100.000%
[a] This breakdown excludes nonutility electricity generation (Non and Independent Power Producers (NPPs or
IPPs)), which typically contribute about 11% of the U.S. total (EIA 1999).
[b] Hydro and renewables were excluded from the calculation of inputs and outputs.

E·51



Table E4 Net Generation Information

Universal factor 1 pound = 453.59 grams
Water 1 gallon = 8.34 pounds

Coal [a] 1 ppund= 10,275 - btu

Gas [b) a cubi¢ foot = 0.0473 pounds

Petroleum 1 gallon = 7.26 pounds

Nuclear 1 Curie = 3.70E+I0 Becquerals

Nu<:lear (ILRW) 1 cubic foot = 80 pounds

Transmission & distribution [c] 1 kWh out requires = 1.08 kWhsin
I.. '

.
Generation type [a] i Net Generation

(MWhIyr) %

Coal 1,7~7,806,OOO 57.255%

Gas 2~3,625,OOO 9.083%

Petroleum i77,753,000 2.490%
Nuclear 6~8,644,000 20.133%

Hydro [b] 3~7,233,000 10.800%

Renewables [b] [ 7,462,000 0.239%
Total 3,122;522,000 100.000%. . . . .

Table ES. Conversion Factors'

[a] Source: ElA's "Cost & Quality of Fuels for Electnc UtilIty Plants 1997," Table ES-4.
[b] Calculated by the CCPCT with reference information froin "Perry's Chemical Engineer's Handbook,'6th
Edition." ,
[c] Source: ElA's Short-Term Energy Outlook," Table A8.

APPENDIXE

[a] This breakdown excludes nonutilIty electncity generation (Non and Independent Power Producers CNrPs or
IPPs», which typically contribute about 11% of the U.S. total (EIA 1999).
[b] Hydro and renewables were excluded from the calculatioh of inputs and outputs.
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U.S. EPA

DESIGN FOR TIlE ENVmONMI~NTCOMPUTER DISPLAY PROJECT
Lifc-Cycle Invcnfol'y (LCI) Dalll Collcction Qucsfiollnairc

Introduction .

The Design for [Iic Environmcnt (OlE) Program inlhe U.S. Environmcntal ProtectiOli Agency's (EPA) Officc of Pollution Prcvention and Toxics has bcgun n
volulllary, coopcrativc projccl wilh the e1cclronics induslly to asscss thc life-cycle cnvironmcnlal impacts of calhodc ray tubc (CRT) and liquid crystal display
(LCD) desktop monilors. Thc DlE Program conducts comparative analyscs ofnltcrnative products or processcs to providc busincsses with data 10 make
cnvironmcntally infonncd choiccs about product or proccss improvemcnls. Thc OlE Program has no rcgulatory or enforcement agenda nnd was cslablishcd to
act as a partner with industry 10 promote pollution preventiOlI. This environlllcniallife-cycic nsscssmcnt will address humnn and ecological risk, encrg}' and
natural resource use, pcrfonnancc, and cost of various display lcclmologies. Thc University ofTcllnessce (Ur) Center for Clean Products nnd Clean
Tcchnologics is conducling the life-cycle invcntory (LCI), which is the dnta collection phase ofa life-eycle assessment, witldechnical assistance from the
Asian Technologv Informnlion Program, Microelcctronics and Computcr Tcchnology Corporation, the Electronics Industry Alliancc, and othcr partncrs.

ur

Boundaries

A life-cycle assessment considcrs impncts frommatcrials acquisition, matcrialmanufacluring, productmanufacluring, usc, and final disposition of a product
The LCI data are intcndcd 10 be uscd to cvaluate relalivc environmcntal impacts ovcr thc cntirc Iife-cyclc of a product, including transport bctweenlife-cycle
stagcs.· In lhis projcct, thc product is either a color CRT or LCD monilor. Thercforc, data associatcd with the materials and processes used directly in the
manufacturing, use, and disposition of the product arc rclevnnt to the LeI and rcqucstcd in this questionnaire. You will not necd to include moterials or energy
110/ directly uscd in thc produclion of the monitor or its components (e.g., gencral building hcaling and air conditioning).

ZOO cd/1ll2 brighlness
262,000 colors

ManUfacturing
pr,ocess

Product rocus
This projcct will cvaluntc CRT. and LCD (lwistcd ncmatic and
in-plane switching) tcchnologies, bascd on 1998 productiou for
a 17" CRT and a 15" LCD dcsktop monitor, with the following
npproximatc spccificalio!ls:

I02 tlx768 rcsolution
100: I contrasl ratio

INPUTS:

Pl'imary matodals -7

Ancillary metodals~

Utilities -7

OUTPUTS:

-7 Products

~ Air omissions

-7 noloBBos to land

-7 Water ofrluollt'--------....
Inventory datn Fig. 1. I\rllnufllcturing IlroCLOSS hl\'cnturJ cunccllllllll tCIII(lhlte
We are asking you for data on ri particular "product ofintcrcst" .

that you manufacture, which is defined as a material, componcnt, or subasscmbly that is part of the product focus dcfined nbovc. Thc inputs and outputsdnta
. (Fig. I) that you provide will bc aggregated in thc LCI to quantify thc ovcrall inputs and outputs of n CRT nnd LCD. Additionally, trnnsportaliOl) information

is rcquested in the inventory.
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Much oflhe rC1luesled informoHtll\ ClUJ be drRwn from c:<isling SllUrces, including, hnluollimited 10 Ihe following:

I. I'urchase and production records
2. Bills and invllices
3. Malerial Safely Dala Sheels (MSDS)
4. TOllic Release Invenlory (TRI) forms

5. Andit allli analysis resnlls (e.g., waslewaler discharge l:malyses)
6. Local, slale, allll federal reporting forms (e.g., hazardous wasle manifesls)
7. Local, slale, Rnd federal permits
8. Monlhly IIli1ily I>illing records

1T0w the datn will be nsed
UT will aggregale ihe invenlory dnla and lally Ihe overage inpnls aud oUlpnls for Ihe differeni monitors. Informalion galhered by Ihis qnestionnaire will
be IIsed 10 develop environmenlal profiles based un inpuls nnd onlpnls for each slage inlhe manllfnclure of displays. The prufiles will be nsed 10
'evnlnale environmenlal impncls from each prlllinci. Cosl dnln will also be eollecled nnd presenled along wilh environmenlal resulls. The environmenlal
profiles can be used 10 encourage prodncl design changes for prodncl improvemenl. UT will aggregale dala and ensnre Ihal dnla associaled wilh
particular companies remuin anonymons lu the EPA. UT can enler inlo confidentialily agreements where proprielary dala are concerned. Please
undersland Ihal aecura1e and represenlalive infllrmalion from Ylln is critical for lhe snccess of Ihis projecl.

ne~nlts uf project
The resnlls are inlendedlo provide indnslry wilh an annlysis oflhe life-cycle environmenlal impncls, cosI, nnd performnnce ofCRT and LCD compuler
monitors. Resulls will help idenlify areus fllr prodncl and process improvemenl as reillied 10 risk nnd environmenlal impncl (e.g., idenlifying mnlerial
nse inefficiencies) allli will idenlify impacls from vnrious life-cycle sInges oflhe prodncl syslems. Use oflhe resnlls will also help meel growing global
demands of elllended prodnci responsibility.

Ben-cfifs-nfinvulvcment - ~ .--------- -

Vonr inpnl will allow fur your inleresls 10 he considered inlhc projecl devclopmenland dala colleclion. By supplying dala,lhe rcsnlls will partially
rellecl YUllr operulions illld, Ihere/hre, Ihe resnlls will he direclly relevnnllll YOlll' inlcresls. Thc projeci will allllw Ylln 10 direclly apply resnlls III YllnT
mannfncillring process and idelllify areas lor improvemellt. You will nlso he recognized ns working volunlarily and cooperalively wilh Ihe U.S. EPA.

Deadlinc
We arc nllemU!lngJ!!.ohlainlill cOII!l!k!!;!.!JJl!~tionnail'es hefurc Oclober 29, 1999.

l'ollr cooperlltioll allli tlssistallce are greatly appreciatetl.

For GIl)' q//estiollS, plellse cOlllacl Maria Leel Soctlllif1/1423-974-9526, <socoiciflll/@//ik.etlll> or Jrml/tIlClII G. Ol'erl)' 111423.974.362';,
<jgOl'erl)'@ulk.etl//> a( Ihe U//il'ersil)' cifTellllessee. 311 COllferellce Celller Bldg., Klloxl'ilIe, TN 37996-4134. Fax: 423-974-1838.

For //lore project de(ails, see tire l'rojecr Fac( Slree(. DJE Website <1I'1I'1I'.epcr.gol'/c{fe>. or tire Draft Fi//al Goal Defillitioll a/1([ Scopillg Doc//mem.
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INSTRUCTIONS
J. Please be sure 10 read the hllroduclory text ou each page before filling oUllhe queslionnaire.

.2. The dala yOIl sllpply in the lables shollld represenl inpnts and ontpnls associated only wilh Ihe "Ilroduclflf inlerest" (I.e., mnlcrlnls, cflllliloncnls or
subllssclllhlics )'oIlIllHnufnetul"e thllt nrc CillICI' PIIl"t of, fir tlmt nrcltscrf, thc dcslltoll monilol" as dcfincd on II. lundcr Product foens). If
quanlities provided are nol specific 10 Ihe "prodncl of inleresl." please explain how they differ in the commenls seclion at the bollom of lhe appropriate lable.

3. Where supporting informalion is availablc as indcpendent docnlllents. rcports or ealculalions, pleasc provide Ihem as allachmenls wilh rcference 10 Ihe associaled
page(s) or lablc(s) in Ihis qneSlionnaire.

4. If you have more Ihan one product of iulercsllo Ihis projcct, please duplicale this questionnaire and fill 0111 one questionnaire for each producl.

5. If therc is nol adcquale room on II page 10 supply your dnla (incllldin./l commellls), please copy Iheapproprialc page and allach i110 Ihis packel.

6. The ensliing pages refer 10 Ihe four indices shown below 10 delail specific infol'lualion abolllthe dala. Addilional infor.malion is provided below as rel)lIired.
Data Ouality Indicalors Index: These indicators will be used 10 assess tbe level-ofdala qllality in this qucstionnaire. Please reporl a DQI for rhe numerical value
requesled in each lable onlhe following pages. The first category, Measnred, pertains to a value that is a directly measured quanlily. The second calegory.
Calculated, refers to a value Ihat required one or more ealenlalions to obtain. The Ihird category. ESlimated. refers 10 a value Ihal required a knowledgable employee's
professional judgement 10 estimale. Lastly. Ihe fourth category. Assumed. should he used only when n nllmber had 10 be gnessed. .
Hazardous aud Nonhazardous Wasle Management Melhods Index: These mClhods nrc IIpplicable 10 bolh hazardous and uouhazardous wasles (Tables 7a aud 7b).
I'lcase gil'c Ihe appropriale abbrcvialion in Ihc Managel11ent Melhod colnl11n on p. 7 wherc rcqncsled. Depending on whelher thc managel11ent mclllOd is on or offsile,
pleasc indicale by specifying, "on" or "orr' in IIle appropriale colnl11n 011 p. 7.

For Tables 2 3a 3b 4 7a and 7b:
Ta'ansnortlltion Modcs Indcx

A - Large Imck (IS-wheeler), diesel
B • Small Iruck, diesel
'C - Smallimck, gasoline
J) - Rail. diesel
E - Ba rge, diesel
F - Ocean freiglllcr, diesel
G - Olher (nlease sllecifv in commcnls seclion)

For Tablcs 3a 3b 4 5 6a 7a and 7b:
nalnOnalitv Indicators Indcx

M - Measured
C - Calenlaled
E - ESlimaled
A • Assnmcd

For Tables 7a and 7b:

For Table 6b:
RU • Rensed
R - ReC}'cJed
L • LHndfilled
II' - Incinerated - volume rcduction
Ic - Incineraled - energy conversion
S - Solidiliedlslabilized
n - Decp well injectcd
o -Olhcr (nlease snccifv in commcnls section)

Hllzardous and Nonhazardous Waslc Manlll!Cl11cnt Mcthods Index

A - Dirccl dischargc 10 s\llJace waler
B - Discharge to orrsile wastewaler Irealmenl facHily
C - Underground iatieclion
D •- Surface impoundmenl (e.g.• sellling pond)
E - Direcl discharge 10 land
F - Olher (please specify in cOlllmenls seclion)

Wastcwatcr TrclllrnenlJJ)isnosllll\1cthods Index

IF YOU HAVE QUESTIONS, PLEASE CONTACT EITHER:

Maria L. Socolof(l'roject Mal1ager): Phone: 423-974-9526
Fall: 423-974-1838
Email: socolofml@\Ilk.edn

OR JOl1alhon O. Overly (Projeclllngineer): I'holle: 423-974-3625
FOll: 423-974-1838
Iilllail: jgovcrly@ulk.cdn

Generic Dill CO-tlcdion FornI ... p. iii



OFFICE OF MAtlAGEMENT AND BUilGET STATEMENT

"1111: public rcporling, and recordkeep'ing burden fur Ihis coUeclion ofinfollll,atioll is eslimaled 10 ovcragc 8 hOllrs per rCSJlOnse. nmden mCDns Ihe lo'lalli,me. eITo'r1. or Iinancill
rcsourccs eltpelldcd by persons 10 gellerale, 1II0iniain, relain, or discl'ose or provide infonllilion 10 or for DFed'eral a,geney. 'Ille burden for Ihis colleclion inclndes Ihe li,rne needed
10 review instruclions; sca,rclt dalo sources; complele Dnd review the coUeclio'n ofinfonnation; Ind lronsmit or oUlmvise disclose IIle infoflnolion, An agency mny no,1 cond'udor
spenso", ond a person is no,1 required 10 respond 10 0 coUeclion ofinfonnulion unless il displays 0 currenlly valill OMU conlrolnllull>cr. 'nle OM13 cOlllrol number for 1I1is
colleelion is 2070-0152.

Selld cOllunenls on the Agency's need for this infonllulion, lhe accuracy of the provided bnlllen estimales, and any snggested methOtls for minimizing respondenl burden, hlcillding
Ihrongh the usc ofau10m01cd colleclionlechniqnes \0 the Direclor. OPPE Reglllulory Infonnulion Division. U.S. Environmental Proleclionllgency (2136), 401 M Slreel, S.W.,
Washinglon. DC 20460. Illclulle lhe OM13 conlrolrlllmber in any conespondcnce. .

I. FACILITY & CONTACT INFORMATION

Table I.

I. Company nllme:

2. Facility lIallle:

3. Facilily address (Iocalioll):

4. Prooncls munuraclnred onsile:

FucllJly Inf"rmoll"n Conll,cl Inforlllolion

5u. Prepured by: Dale:

Sb. Tille:

5c. Phone nllmber: Ex\.:

5d. fo'axllnmher:

5e. Email addrcss:

Oeneric Dala Collection Fonn - p. I



2. PRODUCT OF INTEREST INFORMATION

T.ble2.
NOTE: If the producl of illleresl is all ossembledmollitor, please selld all Owne!'s MOlluollo us ollhe address sho\\l1 allhe bellom of page ii.

I. Product of inlerest 6. Energy consnmption infonllulion (fill 0111 only iflhe product of interesI is un ussembled
monilor):

2. 1998 ullnllul production - Active nse: wulls
(e.g., lInits, kg, Ibs): .. Siundby: wulls

.. SlIspelld: wulls
3. Fucility's percenl globulmurkel .. Active olf: walls

shure for prodnct of inlerest:
7. PerfilnnUllCe specificalions (fill oul only if the producl of inlerest is un assembled monitnr):

~. Protluct of iUleresl .. Maximum resolutiou:
unit weight: - Colors (ulmax. reso.):

.. Conlrast ratio:
5. 1998 product orinterest - Brighluess: -- cd/1Il1

retuil unit price: ,

8. Ildef descriplion oflhe muinnperations/subprocesses
required to mllllufuciure Ihe product otintercs!:

9. Product transport infolmution. In Ihis luble, plellse list the top live loculiolls (by quantity) 10 which you send Ihe prodllcl of inlerest You Illuy sllpply one-way distances in lieu of localions.
See TrunspOJ1ulioll Modes Index on P. iii for mo·des uhhlevilliions. Percenfcnpucity rerresenls what rercellt oflhe lranspoll ,'chicle's totulload was calTyinR the luoducls of interesI.

Loculion (Cily, State, Coulllry) Distllllce Percenl of protilictioll Mode NlImher of trips annnlllly Percent capacity

!.t -
~) - --- .. _-
n... ..--
~)

5)

10. Does your fucility receive any retllmed prodllcls from your customers? Ifso, is the
product recycled in some way or disposed? Please explain:

Oeneric Dall Collection Funu .. p.2



J. PRIMARY &. ANCILLARY INPUTS

I. PrimDN &. Ancj\lpry Malello!s: .1'1 imory IIlDleriDIS,llIe dclilled us Ihose IIlDledals Ihol bccome port onhe IiIlAI prodnel. Anclllory mnleriols Ire those moleriol in,plils that osslst production,
yel do ",ot become part of Ihe Iinol product. Please include Ihe trade ",orne Slid lhe generic II'lme ofellch malerio\ where DppUeable.

2. CAS /I or MSDS: Please either sllpply the chemicnl CAS (Chemicnl Abslract Service) nnmber or Illlach IImnleriol "MSDS" to Ihis docllmenl.
3. Allllunl qunnlity/nnils &. Density/unils: Plense speciry Ihe omollnt orlllllierial cOl1sllmed in 1998. P'lesse use Ihe unils ormBSs.pcr.yeDr (e.g., kgiyr.lb/yr). Iryou speciry units orvolullle

In Uell or mass, please provide Ihe dellsily.
4. Data qllolily jndicalors: See Ihe Dalo Qualily Indicalors Illdex on p. iii ror obbrevialions. Plcase snpply the DQI for lhe /1/1/1/1111 qlll1l1/ity volne given.
S. Recycled eonlenl: Please speciry Ule recycled conlent oreach moler1al identified. \:or exall1ple~ 60/40/0 would represent ft molerio\ UIDt hos 60% virginmDleriol. 40% pre-consumer

rccycled and 0% post-consumer recycled cOlilelil. Ellter N/A (lIoto(lplicoble) ror nil COll1pollelils that ore Issemblies.
6. TrollsHQr1aljoli ioronllatioll: See the Trallsporlatioll Modcs Illdex on p. iii ror mode abbreviotions. Please spcciry the olle-way trollspo-rlolioll dislollce. or the locstion rrOIl1 where U,e material

is shipped. and the IIl1mber or lrips mode to your nlcility 011 all 011111101 bosis. % cnpocity represellts what percent orlhe lronspo'rt vehicle's lotalload was carrying lhe lIloterials onnleresl.

Table Ja. CAS tI Allllllol Ul1lls Denslll Ul1lls DQJ necycled TranspDrlalion Jllronnallon (Reeell'ln!!)'

I'rhl1on'lII';lerluls' Dr l\'tSDs1 Ollolltlll') • CUlllelitS Dlst. or Loe.lIon Mode Nfrlps % cap.

EXAMPLE: 'GRTX mil; (vol;'v/,ovvl'/I. /'~Si;I)" Msb's} ,.;,1$o,oi)(; ':' kg1ti. :1y'!;~~;j~:Th!~1g !iA?!:. '!;~O).fo;ij}f;i :~t~'4s.0tJ:n:jr{lf~ ~i;~H1; l;iWU~ti!; i~~:~~!1~,

I.

2.

3.1 1 1 1 .1 1 _

4.

5.

----1-------1-----1---

I-----I-------I--j--- -

6.

Primary mDlerial comments:

1-----1----'---'----1--1--- -... --~...__._...- .. -... ,.__ ..- ~----~~-- --. -- - -- _.--. - ._~ ---~_......."

Tabl~ Jb. CAS tI Annllnl Unlls' Denslll Unlfs DQJ nee)·cJed Tr.nspDrlallDn Jnrormalloll (Reeeh'ln!!)'

AI1c1l1n!1' ~Interlnlsl' or MSJ>SI Qllnntll/ • CllnlcntS Disl. or LoenliDII Mode tllrlps % cap.

I

2.

3.

4.

s.
6.

7.

Ancillary lIlalerial conuneDls:

Ocneric: Dot. Collection Fonn - fl. 3
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4. UTILITY INPUTS

I. An!!lli!!..lluuntity/units: Pleasc spccify the amount of each utility consumcd in 1998. If possible,pleuse exclude nonprocess.reluted consumplion. If nol possible. please include
a cOll1ment that nonprocess·related consnmption is included.

2. Dolo qnality indicators: See the Duta Quulity Indicators Indcx on p. iii for abbreviations. Please supply the nQI for the amllIal qual/lily value givcn.
J. Transportation infonnation: See the TranspOltution Modes Index on p. iii for mode abbreviutions. Please specify lhe one.Way transporlation distance. or the location from where Ule fuel

is shipped. and Ule number of lrips mude to your facility on an annuul basis. % capacity represents what percent of the trunspolt vehicle's total/nad was carrying the materials of inter.est.
4. Individual Utility Notes:

Electrldly: .
The '1uunlity ofelectricity should rellecl only thut'used towurd manufucturiug the product of inlerest (ideiltified on p. 2). Olle approuch would be to slalt with your fucility's totul allnual
electrical energy consumption, e,stimate und remove lionproccss.reluled consumption, then eslimate whul pOllion of the remaining consumption is relutcd to Ule specific operations
of illierest (if you manufacture more than oue product). Pleuse include consumption in all systems that nse electricity for process·relnled purposes. Some examples include compressed
air, chilled water, water deionizalion and I IVAC consumption where clean or controlled environments nrc utilized.
!'lulul'ol gRS Rnd LNG: .
P1case exclude all use for space heating or other nonprocess·reluled nses. If yon choose 10 use llIlils other than MCI' (thousllnd cuhie feet), please ntilize only, units of energy
contellt or volume (e.g., IIlIllI3TU. therm, eCI').
FIlc1uils:
Please usc units of either volnme or energy content (e.g., liters, cubic meters, nnnllTU, MJ). Additioually, if the fuel oil is delivered by pipeline, enler "pipeline" in the Tronsporlation
Illfonllation space; ifnoi delivered by pipeline, please include the associaled lrullspoltation illfol1nution.
All watcrs (e.g., deionized, dly)':
Pleuse include all waters received onsite. Please indicate consnmption in units of mass ~r volume.

Annual lInlls IlQl
1

( ullnlll I

MJ

MCI'

Mel'

filers

liters

- litcrs _._-- -_._-
filers

lilers

Utillllcs~

Table 4.

....l. Elcclricily .

-2: Nahtrlll ..gu"'s'-- .

-l:. Liquilied nutural gas (LNG)

-.i: fuel oil- t)'pe 62 (includes dislillate nnd diesel)

-.2: fucl oil • tvpe 64

~ Fnel oil· tlllC 66 (includes residulll)

--2. Pr0J::Jla:::l1.:.:e:..-_~ .

8. Wllter

9·1 1__,..-- -1 1

10.
1 1

---, 1 1

11.

12.
1

-'-- 1_'-- 1 1

13.

Utilily commenls:

Ocncric Oata Collc1.1ion Form - p. 4



5. AIR ElIIlSSIONS

I. Ajr emjssi'9OS: 111C emissions listed in Ihe lable below are some oflhe more commOlt ones fOllnd in eir release invenlories; if you bove infonllalion on oUler specific emissions, please
include Ihal infonnntion in tlie space provided. Ifyou have any repolling funns orolher airemission records fur 1998, pleasc ollReh copies 10 Ihis queslionuDire. IIlso, ifyou hove infonnoUoll
on slack os well os fugilive emissions, please copy this pAge nnd I,Jace ench set ofemissions on a differenl pogc. 111e energy consumed in al,ly equipmcnluscd onsite to treal oir emissions
shoull! be included in Ule ulililies volues on p. 4.

2. ill!:Il.!W..!luontity/ul1its: Please specify Ihe emount ofeir emissions generated in 1998. If)'ou do not have 1998 emissious dnla, usc Ihe next closest yeor's dolo )'Ou hove ond specify
whol yeer's data )'Ou Ore supplyi ng in Ihe COllUllent section uelow. Plea se usc nnits of moss·per·year (e.g., kg/yr, IlJIyr).

3. pata qualily jndjcetors: See Ule Dala Quality Indicotors ludex on 1'. iii for ohlJrevialions. Please supply Ihe IJQI for Ule amlllal qual/lily volue given.

TableS. CAS Annnlli Unlls DQI

Air Emissions \ nllllll,er Ounnllly2 J

Toiol partieulales ..---- --
!'urlieulales < JO microns (I'M·JO) _....- --
Sulfilr oxides (SOx) .- --
!'lilrogen oxides (NOx) _..--

--
Carbon monoxide 630-08·0 ._-- --
CarUOl\ dioxide 124-38-9 --
Methane 74·82·8

Benzene 71-43-2 ---. --
Toluene 108-88-3

- -- ._._-- .-

Xyleues 1330-20-7 --
Nophlhalene 91·20·3 --
TOlnl nonmelhane VOCs -----

Olher s(lecioted hydrocnruon emissions:

I. --
2. ---._----- --
3. --
4. --
5. --
6.

,

7. --
8. --
9. --
10. --
II.

.. .
-_. -- --

12.

Table 5 (continued). CAS AnnuRI Unlls DQI

Air Emil sluns I numuer Ouonllty2 J

Ammonia 7654-'11·7 --
Arsenic 74~0.38.2 --
Chromium 7440-'17·3 --
~o(lpcr 7440-50·8 --
Lead 7439·92-1 ---------
Mllnglll\csc 7439·96·5 --
Mercur}' 7439·98·7 --
Nickel 7440-02·0

Olher emissions:
.. -- ----" ---,.----.- -" - ,--.-- .

I. --
2. --
3. ,

--
4. --
5. --..
6._. --
7. --

8.

9. --
10.

Air emission commenls:

" .. ."._- -

(JClleric n,tll Cullection Fnrm • (I.'



6. WASTEWATER RELEASES & CONSTITUENTS

I. ili!n!!!!!..uuanlily/unils: Please speciry Ihe amounl or woslewaler(s) generaled in 1998. Please use nnils ormoss-per-year (e.g., kglyr,lb/yr). ·Irmulliple slreallls exisl, please copy Ihis
page and IiII il out ror eachslreom." .

2. Dolo qualily indicators: See Ihe Dala Qualily Indicators Index 011 p. iii ror abbreYiations. Please include one nQI for Ihe annual waslewaler slrealll qnalltily yalue supplied, Bnd one OQI
ror Ihe waslewaler'constituents inrunllalion supplicd. Irmore lhan one DQI is opplicnble 10 lhe waslewater consliluenls daln, please c1nriry Ihis in the commenl secliOll.

3. Wastewaler consliluents: Please lei us know wholll1'e or values yon are supplying (e.g., daily maximums, monlhly averages, annual averages). Addilionally, ir you have any reporting
fonns of oilIer wastewaler constituenl records for Ihe 1998, please allach them 10 Ihis qnestionnaire. 111e energy consumed in any equipment used onsile 10 treal waslewaler
releases should be included in Ihe ulilities Yalues on p. 4.

4. Concenlralion/units: Please specify lhe concentralion ofwaslewaler constiluenls genernled in 1998. Please utilize Ihe unils oflllass-per-volume (e.g.,mgl1iter,lb/gal).
5. Waslewaler IreahnenVdjsposal rWW Tm) melhod: Sec lhe Waslewatcr TrealmentIDisposal Melhods Index on 1'. iii ror method abbreviations.

Table 6a. Annulli Vnlls IlQI ror WaslewlIfer Annulli QUAnllll I>QI rur WaslelVnler

WAslewnler Slrenm QUllnl/IY' CUll5ll1uenbI

Ocneri-c f)al. Collection Fonl1 - p. 6

Tnble 6b. CAS Conceu- Uulls, WWTIl>
number Iral/onI Melhud

\VAslewaler Cunsliluenls'
,

Dissolved solids ....--- ---
Susj,cnded solids ----- ---- ---
Chemical Oxygen Demand (COD) ----

l3iological Oxygcn Demond (DOD) .....-
Oil & grease ---
Ilydrochiorie acid 7647-01-0 ---
Sulfuric acid 7664-93-9

Other acids (please speciry):

J.\ ---
2.1

Phosphorus 7723-14-0

Phosphales --
Sulrales -_..-

Fluorides -

Cyanide --
Chloride -
Chromium 7440-47-3

Iron 7439-89-6

Aluminum 7429-90-5

Nickel 7440-02-0

Table 6b (continued). CAS Cnnten- Unll' WWTID
nlunber Irallon4 Melhod

Waslewnler Conslllllenil
,

Mercury 7439-98-7

Lead 7439-92-1 ---
Nitrogen 7727-37-9

Zinc 7440·66·6

Tin 7440-31-5

Fenons sulfale 7720-78-7

Ammonia 766'1-41-7

Nilrales ---
Pesticides -
Olher constiluenls:

I.

2.

3.

4.

5.

6.

Wastewater eonunents;



7. IIAZARnOUS & NONIIAZARnOUS WASTES

I. I[pz.ordolls \Vpsles gild EPA hOU!I<lous wosle numllen; I'leuse list your wasle sireoills Uut ore considered hOZllrdons by lhe II.S. EPA. Include Ihe h61ardo,us wlsle codes for IIny
h6lllrdous wasle you incllllle.

2. AnnUli uoa",ljly/nnIls &: pensily/ynils: Please speeify lhe an\Ollllt ofwaste generlted ill 1998. Use II nils ofmIss·IIcr·year (e.g.• kglyr,lb/yr). PI,else 0150 provide Ihe densily for each \\'lIsle.
3. Dala quality indicators: See the Dolo Quality Indicalors Index on p. iii for abbrevialiolls. Please supply lhe DQI for Ihe 011I11I01 q/lollllly volue given.
4. Monagemenlmelhod: See the Management Melhods IndeK on p. iii for abureviulions. Ifnone are applicable. please indicole olher ond use lIle conU11ents seelion to expound.
S. Transportatjon jnfonpalion: See lIle Trnnspo·,talion Modes IndCK on p. iii for 1II0de obbreviations. Please specify the one-way Iranspo'rtatioll distauce. or Ihe location to where lhe \\'lIsle

is shipped. and the numller of trips mode from your fucility on on alulllol basis. % capacity represents what percent oflhe transport vehicle's to·lollood was carrying lIle wasles of interes!.

TlIblo 7a. EPA IIUL Annll.1 Unlls Densill -Unlls DQI Mgml. On or TrallSPorlotlon Information IShIPj11.L

-llozardous Wasles' Wasle II' QUDnlill J melhod4 offslle? Disi. or Location Made /ltrlns % cap.

I. --- --- -- ------11------1·-------

---. --- -- --- ·---I---~---I--.-- --

---1----1--- -- ---- ----1--------1--- ------

1..-.._--_.-~.-------- ... __...--~ ...._.-. ------- -_.-.---
-"3..;,, 1 1 1 1 1_--,-. -- -- 1 1 _

4.

,,=S"'I ----,1__'--_.1----. --'_ . -- --- 1 ---1__ -----
6.

1.

8.

Ilazurdolls waste cOllllllelllS:

-----' ---,-------+---1--'---

Tnhlc 7h. AnnnAI UnU. Ilcn.Ul IInlls IlQI Mellie. On or
Nonhazordous 'Wostcs OUanlllyl J Il1cthod~ offsllo?

Transporlallon IlIfol'llIallon IShilll!l~

Dis!. or Locallon Modo IIlrh)s '10 cap.

------------------1-----1---1----1·-- -- --- ----1-------1--- --- ---

FEX.:::;-4::;·,\c::fl~)LE=.:...:.:.IJ'.::os:.:t=-.",11/:::;.'",0.:../c:::/"',/I>"'ss'__--:- -"-;~!~i'I_'--"1."'ft=_22::t:.=_OO:.:'o:..··:·,_"_:'f_·.I...::k&!lL.~OOO 1@'" C',' ,;;:~n"i(-oj. -,--,-'.;.':~::.-i:'-"}:.::i:::J_"la""','__~__'_I---'-".:..f __._2._~
I.

"'2..;·11 1 1 1 . ---- ---- ----1--------1--- -----

3. 1 --,-- 1---:--1---1---,---11-- -- --- ---1-------·1------

_4::.·1 ~_'_ _'__+ 1---1---_1--- -- --- ---II-------j-- ------

1_5:::.·j '-- I I I ~II-- --I---1---I------_~------

-,,6~'f -------------1--_--1--1----1---- ----- ---1-----''-----'11·.-- -----
1.

Nonhazardoi,s \Voste commonts:

(JCIlCtiC 1>1111 CollcI.1ion Forlll - ('. 7
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APPENDIXG

APPENDIXG

SUPPLEMENTAL MANUFACTURING DATA INFORMATION

G-l. Frit Manufacturing Data Collection

No manufacturers were willing to supply complete frit manufacturing data as primary
data for this study. Inventory data for the frit manufacturing process were obtained from
secondary sources and from communications with industry representatives. Input data were
derived from personal communication with an industry representative (Peer 2000) and output
data were compiled from the U.S. Environmental Protection Agency's (EPA) AP-42 publication
(Compilation ofAir Pollutant Emission Factors) (EPA 1997). The AP-42 data are provided for

. one ton of feed material, and it was assumed that the material efficiency is 100%, such that for
each mass quantity of raw material input, the same mass quantity of frit is produced.

Limitations to these data are that a complete inventory, with all the information asked in
the questionnaire for other manufacturing processes in this study, was not obtained. Personal
communications were made to provide information on the major inputs to the process, Qased on a
conversation taken place in June, 2000. The output data are based on a 1997 EPA publication.
The publication date of the output data remains within the range of dates of primary data
obtained in this study. Further, the frit manufacturing process is expected to be a relatively
mature technology (compared to some LCD-related technologies), and 1997 data are expected to
be representative of the monitors being studied in this project.

G-2. Printed Wiring Boards (PWBs) and Electronic Component Manufacturing Data
Collection

Each display technology requires electronic printed wiring boards (PWBs) and their
associated components such as integrated circuit (IC) chips, resistors, capacitors to operate the
displays, independent of the computer's central processing unit. Therefore, the display PWBs
and components are within the bounds of the analysis.

PWB and semiconductor (IC) manufacturing are highly energy and resource intensive
processes. In purely a comparative analysis, we could consider eliminating the PWBs from the

. analysis since both the CRT and LCD display technologies use PWBs. However, the number of
PWBs (4 major ones for LCDs and 2 for CRTs) and their makeup differ between the two
technologies. For example, the AMLCD controller has more active parts because its addressing
system is more complicated than the CRT. Therefore, exclusion of the PWB manufacturing
process was chosen to be included in the scope of this project. In addition, beyond the goal of a
comparative analysis between CRT and LCD, this study is intended to provide baseline data for
each individual technology such that improvement assessments can be considered when
evaluating the entire life cycle of a particular monitor. This provides another reason to include
PWB manufacturing in the scope. However, due to the importance of collecting primary data for
the other major display components (e.g., CRT tube and LCD panel/module manufacturing), a
lower priority was given to obtaining PWB data.

G·1



APPENDIXG

Given the lower priority for PWB and component data collection, questionnaires were not
sent to multip~e PWB and component manufacturers. Alternatively, data were obtained from an
industry contact knowledgeable in PWB manufact':lring (Sharp 2000). PWB component
manufacturing data were not obtained; however, tilaterials use as well as energy consumption
from manufacturing PWB components are expected to be small in comparison to the overall
manufacturing requirements for the CRT and LCD monitors; therefore, lack of PWB component
manufacturing data is not expected to have a significant impact on the results. .
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TECHNICAL MEMORANDUM:
Use Life-Cycle Stage Approach

1. INTRODUCTION

1.1 Background

As part of the Environmental Protection Agency's'Design for the Environment Program
(DfE) Computer Display Project (CDP), the University of Tennessee Center for Clean Products
and Clean Technologies is conducting an environmental life-cycle assessment (LCA) of17"
cathode ray tube (CRT) and 15" active matrix liquid crystal display (LCD) computer monitors.
Chapter 1 of this report provides further details about the scope and boundaries of this project.
As typically defined in LCA, the five main life-cycle stages of any product are as follows:

• Materials Extraction;
• Materials Processing;
• Product Manufacture;
• Product Use, Maintenance and Repair; and
• End-of-Life.

This technical memorandum (TM) presents the CDP's approach to developingthe
inventory that will be used to assess the environmental and health impacts from the use life-cycle,
stage of computer monitors. Maintenance and repair are not included within the boundaries of
this analysis because. they are expected to be minor contributors to environmental impacts
compared to use and other life-cycle stages.

The purpose of this TM is to present the approach for developing the inventory of inputs
and outputs associated with the actual use of the monitors. The final use-stage inventory will
consist of electricity consumption from use as well as the indirect inputs and outputs from the
generation of that electricity. The focus of this TM is on identifying the amount of electricity
consumed during use. The inventory from electricity generation is presented in Appendix E.
The final use-stage inventory combines these two sets of data and will be presented as part of the
final LCI in Section 2.7 and Appendix J of this report. ,

In addition to energy consumption, other environmental or health issues have been
associated with the use of computer monitors, including eye strain,ergonomics, and exposure to
electric and magnetic_fields. 'However, quantitative methods for assessing these impacts within
the project LCA framework are not available. Thus, these impacts will be addressed qualitatively
in the final LCAreport for the project.

H-l
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2. METHODOLOGY

1.2 Calculating Energy Consumption During the Use Stage

kWh
life("hours . d')]. . spent zn rno e l =

life

H~2

t [(kW consumed in mode i) x

As discussed in the previous section, calclllating electrical energy consumption during the
life of an electrical component requires two main' pieces of information: the componertt's energy
use rate (typically in watts or kilowatts) and the amount of time the component can ordoes spend
in use (in hours per life). . .

Once energy use rates and hours per life itt each mode are known, they can be inultiplied
, I

to derive the total number of kilowatthours (kWh) consumed during the lifetime of a monitor
according to the following general equation where" mode f' indicates the power con~umption
mode of a monitor (i.e., full-on or low, discusse~ further in Sect. 2.1). This basic equation will
be used to calculate the total kWhs consumed over the manufactured and effective livb for
LCDs and CRTs.

CRTs and LCDs use different mechanisms to produce images on screen, which, result in
different energy use rates. These energy use rates can be combined with the number of hours a
desktop monitor is on during its lifespan to calculate thetotal quantity of electrical energy
consumed during the use life-cycle stage. In this project, two lifespan scenarios are considered:
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2.2 ~alculating Lifespan

aU R tET bl 1 Aa e . verage nergy se a es
Monitor Type Full-on Power Mode Low Power Mode b

(W) (kW) (W) (kW)

17" CRT 112 0.113 13.1 0.013

15" LCD 39.7 0.040 6.44 0.006

As stated previously, lifespan calculations in this TM are based on two different
scenarios: manufactured life and effective life. Sects. 2.2.1 and 2.2.2 present the methodology
and data needed to calculate energy use under each of these two scenarios, respectively. Sect.
2.2.2 is further divided into discussions of office versus home use patterns, the amount of time a
monitor is operating in each power mode, and the number of years the monitor is operating in its
lifetime. These results will be combined with data from the energy use rate calculations in Sect.
2.1 to obtain the energy consumption per life for each scenario and for each monitor.

a See Attachment A, Table Al for source data.
b An average of company-reported values for standby, suspend and active-off (see Attachment A, Table AI).

Most desktop monitors manufactured today are built to use several different power
consumption modes during normal operation. There are often up to four different power
consumption modes that can be used by a monitor in going from a state of active use to a state of
almost complete shut-down. These four modes, from greatest power consumption to least, are
typically entitled 'full-on'or active use, 'standby,' 'suspend' and 'active-off.' For this TM,
manufacturers' data on these power modes were collected from company contacts and Internet
sites for 35 different 17" CRT monitors and 12 different 15" LCD monitors. The complete list of
these data is presented in Attachment A, TableAI.· .

For the purposes of this TM, the power consumption modes have been categorized into
two modes: 'full-on' and 'low.' The 'low' power mode is an average of the three low power
modes typically provided by the manufacturers (i.e., standby, susp~nd, and active-oft). These
three categories were averaged to create one 'low' power consumption mode because hours per
use data (needed for calculations in this TM) are only available for a 'full-on' and a reduced
power mode. The low mode value for the CRT is the average of the three modal averages of
standby, suspend and active-off. For the LCD, data on only two low-power modes (standby and
active-off) were provided by manufacturers (see Attachment A, Table A2), and therefore, the low
mode value is an average of those two modal averages. Table 1 presents the average values for
full-on and low power modes that were used for subsequent calculations in this TM.

2.1 Ener~ Use Rate .

Section 2.1 presents information on the various energy use rates that exist for the project
functional units in different power modes. Section 2.2 presents the methodology for calculating
hours per life under the manufactured and effective life scenarios.
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2.2.1 Scenario #1: Manufactured Life
,

The manufactured life is defined here as th~ length of time a monitor is designed to
operate effectively for the user. It is the number of hours a monitor would function as '
manufactured, and is independent of user choices or actions. One way to estimate this,
manufactured life is to use the mean-time-before-failure (MTBF) specification of a mop.itor or its
components. The CRT MTBF specification dictates the amount of time the display m4st operate
before it reaches its brightness 'half-life,' or the ability to produce 50% of its initial, maximum
brightness. The MTBF value, generally provided in total hours per life of a monitor, is what
most final manufacturers or assemblers of personal computer (PC) equipment, including monitor
assemblers, typically specify for a component. To, meet the specification, suppliers typically
calculate the MTBF (a military-based specificatioh) based on component data. Suppliers'test

, '

results are usually called the 'calculated' MTBF. The MTBF value also depends on wh~ch

combination of power modes are used during testing, which is ref~rred to as the 'duty cycle' and
each supplier may use a different duty cycle to test their component.

Additionally, monitor assemblers will oft~n perform their own testing, typically entitled
'demonstrated' MTBF. The testing includes sequences where the monitor is 'stressed' by quickly
switching back and forth from an all black picture to an all white one, or quickly switching
individual pixels either on and off or through multiple colorS or black and white. ManiIfacturers
typically find that their demonstrated MTBF is on, the order of twice as long as the calculated
MTBF (McConnaughey 1999, Douglas 1999). However, it should be noted that the :
demonstrated MTBF is not a real-time testing method, as the testing data is used in a complex
equation to calculate that 'demonstrated' value.

From review of the information obtained 9n CRT-based monitors (see Attachment A,
Table A2), it appears that the CRT itself is the limiting component, or the component that 99% of
the time determines whether the entire monitor has reached its end-of-life. Thus, froD1 the
limited information that was obtained on CRTs, and the limited confidence that can be instilled
in that data, an average of the two ranges obtainea on the estimated lifetime of CRTs (10,000 -, '

15,000 hours) was used as the CRT manufacturec;llifetime (12,500 hours) (Goldwassar 1999,
Douglas 1999). ,

For active matrix LCDs, the components that have the greatest potential to fail first are
the display panel itself (including the liquid crystals and thin-film transistors), backlights, driver
integrated circuit (lC) tabs, and other smaller cOInponents. The backlights and driver IC tabs can
be field-replaced, thus their failure does not necessaqly represent the end of the monitor's life.
However, failure of the liquid crystals or transistors, which would require replacement of the
display panel itself, would most likely mean that the monitor cannot be cost-effective~yrepaired.
The MTBFs of all these components appear to have a broad range. For example, different
backlight manufacturers reported from as few as ;i5 l 000 hours to as many as 50,000 hours
(Douglas 1999, Tsuda 1999, VP150 1999). However, it appears that those components that are
not field-replaceable (e.g., the LCD panel) have ¥TBFs in the range of 40,000 - 50,000 hours
(Tsuda 1999, Young 1999). Thus in this TM, the amount of time an LCD monitor would operate
during its manufactured life is assumed to be the,average of the two non field-replaceable values,
or 45,000 hours. In order for a monitor to operate for 45,000 hours, any major field-replaceable
parts that have MTBFs less than 45,000 hours wpl need to accounted for in this LCAproject.
For example, assuming the backlights last on av~rage 32,500 hours (the average of the values
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obtained for backlights), two would be needed for every panel during its lifetime. Therefore, in
the final CDP LCA, the manufacturing of these type of components would need to be included in
the inventory.

Little information is available on the duty cycles that component manufacturers use to test
components. Thus, it is assumed that the average duty cycle utilized in testing components is
50% of the time tested in full-on mode and 50% in a lower power mode. Table 2 shows'the

.values that are used in this TM for the hours per manufactured life for the CRT and LCD. The
LCD manufactured life (45,000 hours) is 3.6 times greater than the CRT manufactured life
(12,500 hours). Therefore, based on equivalent use periods, 3.6 CRTs would need to be
manufactured for every single LCD.

,Table 2. Manufactured Life Values
Monitor Total Hours Mode Duty Cycle Hours per Mode

Type (hoursllife) (% time spent in each mode (hoursllife)
during testing)

17" CRT 12,500 Full-on 50% 6,250

Low 50% 6,250

15" LCD ' 45,000 Full-on 50% 22,500

Low 50% 22,500

2.2.2' Scenario #2: Effective Life

The effective life scenario attempts to model the actual quantity of hours that an average
monitor spends in each of the two primary power consumption modes (full-on and a lower power
state) during its lifetime. The effective life of an average monitor is based on the following
information: ~

• .The proportion of computers that are used in an office environment versus a home
environment, to account for different use rates in these two basic user environments;

• The amount of time in a year a typical monitor spends in full-on power mode and in ~

lower power-consuming mode for both office and home environments; and
• The number of years a typical monitor is used during its lifespan for both office, and home

environments, not including years in storage before a monitor is replaced or discarded (as
it is not consuming power during storage).

Under this lifespan scenario, we assume there is no difference in the amount of time a
CRT or LCD monitor is operating. That is, the hours per life for the effective life calculation is
not technology-dependent. Therefore, the same set of hours-per-life values are used to calculate
the kWhs used per effective lifetime for a CRT and an LCD. Tl;1e remainder of this section
discusses the data and methods used to calculate the final hours-per-life values used in the
effective life scenario. In order to obtain these final values, we need to determine .the percentage
of office versus home environment users, the annual use operatingpattems in the office and
home environments (hours/year) within each power mode, and the number of years a monitor is
in operation during life. The following three subsections address these data needs.
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2.2.2.1 Percentages of Office- and Home-Envirot;lment Users

Home and office users of computer equiprpent do not follow the same use patterns. Thus,
data are needed on the percent of users in each environment to determine the use pattern of an
"average" computer monitor. The most recent da~a available for both home and office users are
for 1997. The Computer Industry Almanac for 1997 reports an estimated 117 million total
computers were in use in the United States in 1997 (CIA 1997). In addition, the 1997,
Residential Energy Consumption Survey (RECS);reports that 43 million PCS were used in
homes in 1997 (EIA 1999). Therefore, assuming :the remaining non-household computer
monitors are all in office environments, there would be approximately 74 million computers
being used in office environments.

Note that an 'office' environment may be a school, hospital, or other commercial
environment, and the computers they use may foliow widely varying degrees of use. For
example, computers (and thus monit0rs) in a,school may only be used a few hours in a day, while
hospitals might operate theirs nearly constantly. For this TM, it is assumed that on average,
typical office use patterns (to be presented in Sec~. 2.2.2.2) are representative of all non-home
environment users. '

The 1997 RECS also reported that 6% of the 43 million household computers were used
to telecommute (EIA 1999), which equals approximately 2.6 million computers. The use pattern
of a telecommuter is assumed to resemble more closely an office environment than a home
environment; therefore, the number of office environment monitors is assumed to total 76.6
million. Therefore, for purposes of calcula9.ons in this TM, the percentage breakdown of office
and home environment monitors in the United StMes is as follows:

8-'6

(74 million + 2.6 million) I. 117 million = 65%
(43 million - 2.6 million) /i117 million = 35%.

i

Office:
Home:•

•



H-7

APPENDIXH

2.2.2.2 Operating Pattern (Average Hours in Use Per Year)

oosTable 3. tandard fflee 'neratini! Pattern3

Type of Day Standard Office Operating Pattern

On Off

Full-on Low Total

Workday (hr/day) 4.1 8.4 12.5 11.5

Weekend Day (hr/day) 0.0 4.8 4.8 19.2

Absence Day (hr/day) 0.0 4.8 4.8 19.2

Average Dayb (hr/day) 2.3 6.9 9.2 14.8

Source: Adapted from Nordman et al. 1996, based on percentage of time in each mode.
n Based on the assumption that all monitors take advantage of low power modes.
b To calculate the average day, an average week is assumed to consist of 4 workdays, 2 weekend days, and 1
absence day per week. Average monitor usage per day weighs each average day by the number of each day type in
a week.

In order to determine the amountof eleCtricity consumed during a monitor's effective life,
we need to know the use operating patterns for both the office and home environments. The
'operating pattern' is defined here as the number of hours per year spent in each power mode.
The average number of hours per mode per year will be the weighted average of the two user
environments (Le., 65% office, 35% home).' .

A literature 'search for computer monitor operating patterns was conducted for both office
and home environments and a summary of literature reviewed is presented in Attachment A,
Table A3. For data on office environment operating patterns, the most relevant and complete i

information found was from work performed by Lawrence Berkeley National Laboratory (LBNL)
presented in a report entitled "Measured Energy Savings and Performance of Power-Managed
Personal Computers and Monitors,j (Nordman ~t al. 1996). Their definition of the standard
operating pattern was based on earlier work performed by LBNL that studied electricity use by
office equipment in commercial buildi~gs, and referenced multiple studies on the use of office
equipment, some having sample sizes as large as several hundred systems. Table 3 presents the
standard office operating pattern for three different types of days (workday, weekend day and
absence day), based on Nordman et al. (1996). Note that Nordman et al. "...first distinguish
between weekdays and weekend days, with the latter including only Saturdays and Sundays.

. -
Then, any weekday which has less than half an hour of on-time (full-on or low power) is
considered an absence day; the rest of the weekdays are workdays." Therefore, absence days may
include some hours in operation. Also, some individuals may leave their computers on while out
of the office, also resulting in hours in operation while the user is out of the office.
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I ,

Using the hours per day for the three basiq day types, we created an average annual day
for the purposes of eventually obtaining an annual average. To calculate the average cl,ay, we
assumed that ~ typical week of computer use in the year contains 4 workdays, 2 weekepd days,
and 1 absence day. By including 1 absence day in the typical week, the calculation res:ults in 52
days annually that are days of no active computer: system use, and are intended to incl~de the
following: holidays, sick days, vacations, work tiavel and days when computers are n<;>tneeded
for work or are not in use in the office. .

LBNL's operating patterns do not appear to take into account whether or not a monitor is
actually taking advantage of the various power savings modes. In their 1996 study, N6rdman et
al. found that only one-third of the monitors were set up to recognize time'-based indiciltors that
power down a part of the monitor or part of the PC that sends information to the monitor. More
recently, a representative of the EPA Energy Star Program estimated that approximately 90 -,
95% of those monitors manufactured and sold in ~andemwith a PC in 1998 were pre-set up to
take advantage of the multiple power consumption modes of the monitor, without any'setup by
the user (Fanara 1999). However, monitors are also sold individually, and no statistic~ were
found on how many are sold that way and what pbrcent of those are able to work with ia PC's
energy savings sysrems without assistan~e from tl;1e user. For the purposes of this TM~ we
assume that 90% of the monitors manufactured iq.1998 and in use today are set up to 1,"ecognize
the power management signaling either from the monitor itself or from the PC to which they are
connected. The lower end of the 90 - 95% range was chosen to recognize that monitors soldl

. I

separately were not accounted fot, and also, from an environmental impact perspective, it is
conservative to assume a lower percent, which m~ans less use of power saving featurds and
greater energy consumption.

It should also be noted that this 90/10 spHt takes several assumptions into account,
including but not limited to the percentage of users who alter or change their PC's andlor
monitor's energy-saving settings, the percentage Of users who know how to alter or change their
PC's and/or monitor's energy-savings settings and the number of small-sized companies that
build PC systems and whether or not they configure their systems to be able to talce ~dvantage of
energy-savings settings 'out-of-the-box.' Because our confidence in this percentage split is not
high, we will perform a sensitivity analysis of different percentage breakdowns of usitJ,g low
power modes versus not using them (50/50, 75/25, and 100/0; presented in Sect. 3.3).;

This 90/10 split of using versus not using the power saving modes is implemented in the
calculations by adjusting the average amount.of hours per day a monitor spends inea~h mode for
the effective life calculations (see Table 3). Thus, 10% of the value of each number it}. the 1..ow'
column of Table 3 was removed and added to th~ 'Fuli-on' value in that same row, to account for
those that cannot go into a lower power-saving mode. Table 4 presents the adjusted figures for
hours per day and presents the annual average values by multiplying the average day values by
365 days. The average day is calculated in Table 4 the same way it was calculated in Table 3.
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Table 5. RECS Home Operatin2 Pattern Breakdown
Use Frequency Category U.S. Households with Computers Average Hours in Average

(EIA 1999) Use for Each Household UseD
Category

(millions of (% of (hours/week) (hours/week)
households) households)

Less than 2 hours per week 8.2 23.0% 1 0.2

2 to 15 hours per week 17.4 48.9% 8.5 . 4.2

16 to 40 hours per week 6.7 18.8% 28 5.3

On all the time 3.3 9.3% 168 15.6

Totals 35.6 100.0% ----- 25.2

Daily Average (hours per day) 3.6

Annual Average (hours per year) 1,315
. .

Note: Totals may not be additive due to mdependent rounding.
• These values are the product of the fraction of households in each categ?ry and the ave~age hours per week in each
category.

• Values m Table 3 have been adjusted based on the assumption that 90% of momtors can take advantage of low:
power modes. Therefore, 10% of the hours in low mode in Table 4 were added to the full-on column and subtracted
from the low column in this table.
b To calculate the average day, an average week is assumed to consist of 4 workdays, 2 weekend days, and 1
absence day per week. Average monitor usage per day weighs each average day by the number of each day type in
a week.

a e . Ullste Ice ,peratlD2: attern
. Type of Day Adjusted Office Operating Pattern

On Off

Full-on Low Total

Workday (hr/day) . 4.9 . 7.6 12.5 11.5

Weekend Day (hr/day) 0.48 4.3 4.8 19.2

Absence Day (hr/day) 0.48 4.3 4.8 19.2

Average Dayb(hr/day) 3.0 6.2 9.2 14.8

Annual Average (lltr/yr) 1,095 2,263 3,358 5,402

Percent on'time spent in each mode 33% 67% 100% -----

For the home environment operating patterns; the most relevant and complete information
was found in the RECS report (EIA.1999). The survey contained data on the use of computers in
the home and how many hours per week the users have their computer on, without distinguishing
power mode. Table 5 reveals the information obtained from the RECS report and breaks that
.data down to calculate a daily average and then an annual average operating pattern (i.e., the total
number of hours of on time in one year). .
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a e . nmmaryo ,pera m~ a erns or ec ve Ie a en a Ions
User Time Operating in Each Environment

Environment (hours/year)

Full-On Power Mode
, Low Power Mode Totl!tli

Office 1,095 2,263 3,35,8

Home 522 793 ~ 1,315

2.2.2.3 Average Years Per Life

a e . SP I m2 e orne ,pera m2 ,a ern a mo e wo ower o es
Power Percent of Time in Time Operating in Each Mode
Mode Each Mode , (hours/year)

(from office- environment data) 90% That Can 10% That Cannot Toulll
Save Energy Save Energy

Full-on 33% i 390 132 522

Low 67% 1.793 0 793

Total 100% 1,183 132 1,315

The third set of values required for the ca~culationof hours per effective life is the .
number of years of use in the life of a monitor. 1;'he number of years per effective life:, multiplied
by the operating patterns in hours per year (presepted in Table 7), will result in the hours per
effective life. ' ' . . '

A monitor may be reused in multiple 'lives' before reaching its end-of-life. The
end-of-life is defined as the point at which the moni'tor is no longer used for its intended purpose

Data on the amount of time a home-environment monitor is in full-on versus a lower
. . i .

power mode was not provided in the RECS, nor was such data found elsewhere. Thus, lacking
any other information, we have chosen to use the percentage breakdown found in the
office-environment data for the home-environment data in this TM (see the bottom row of Table
4). These percentages are applied to the total 1,315 hours/year for home-environment use to
estimate the amount of time in each mode. In addition, the 90/10 split of equipment that
can/cannot go into lower power saving modes was applied to these values to determine the actual

I,

expected number of hours peryear per mode for t~e home environment. In Table 6, the homs
per year values for each power mode are shown. In order to determine these hours spent in each
mode, the total number of hours spent on annually (l ,315 hours/year) was first split by the 90/10
factor into equipment that can and cannot save energy categories. Then, the resulting i,183
hours/year was split by the office-environment data on the percent of time spent in each mode,
resulting in 390 hours annually in full-on mode a~d 793 hours annually in a lower power mode.
The remaining 132 hours/year that cannot go into, an energy saving mode, was included in the
'Full-on'row. The two values for each row are then added to obtain the total hours annually in a
home environment that a monitor would spend inleach power mode.

Lastly, Table 7 shows the final values obt~ined for the effective life calculatioQ.s, as
presented in this section, for hours per year per mode for office- and home-environment users.
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in the physical form in which it was originally manufactured. End-of-life options include
indefinite storage,(in which case it is not reused after storage), de-manufacturing, recycling, or
disposal. A monitor may be stored before being reused; however, this storage time will not affect
our use calculations since no electricity is required to operate the monitor during this storage.
After its first life as used by the original owner, a monitor might be used by different people and
with different PC systems in subsequent lives.

For data on the number of years of use that are in a monitor's lifetime~ several sources of
information were reviewed. Two particular studies provided relevant data on the number of
years per life (Matthews et al. 1997, NSC 1999). A study by Matthews et al. (1997), which was
an update to a study originally performed in 1991,conduded that after a first life of 5 years,
approximately 45% of all PCsystems are reused, while the remaining 55% either go directly to
recycling or landfilling (10%) or are stored and then recycled or landfilled (45%). Their study
only addressed PC systems as a whole and did not break down the lifetimes of individual
components. Additionally, they concluded that the period over which the systems are reused is 3
years.

In a recently completed study for the NatiOnal Safety Council (NSC 1999)"researchers
interviewed more than 30 major manufacturers and resellers of CRT computer monitors and
other computer compo~ents. NSC found that a CRT monitor's first life lasts approximately 4
years, while the total lifespan is on the order of 6 - 7 years. Since the NSC study contains results
that pertain specifically to monitors, and provides the most recent data, its results are used in this
TM. The values that are used for calculations in this section are 4 years for the first life of use,
and 2.5 years for the second and sUbsequent lives of use. The operating pattern for monitors in
all the years over its effective life (6.5 years) are assumed to be the same as presented in Sect.
2.2.2.2 (Table 7). However, in the lives subsequentto the first life, the hours per year values are
reduced by the fraction of monitors assumed to be reused. Matthews et al. (1997) estimated that
45% of PCS are reused after a first life; thus, the effective life operating pattern values in years of
life after the first life are 45% oT the values in the first life (which were presented in Table 7)., '

While the NSC data singled out CRT monitors in their lifespan estimates, they did not
single out desktop LCD monitors. Their data did contain estimates of a 'Notebook PC,' which
were 2 - 3 years for the first life and 1 - 2 years for the remaining lives, however, we expect that
desktop LCD monitors will more closely inirror the lifetime estimates of a desktop CRT monitor
than that of a notebook Pc. Consequently, it was assumed that LCD desktop monitors also
spend 4 years in their first life and 2.5 years in their subsequent lives. Additionally, the NSC
document did not attempt to separate those computer systems or monitors that are used in an
office versus a home environment. Thus, it was assumed that the same years per life are realized
for office and home environments.

H-ll



APPENDIXH

Table 8. Effective Life Values

3. PRELIMINARY RESULTS

User Power First Life Remaining Lives Mpdel Totalsb

Environment Mode (4 years) (2.5 years) (hr/effective

Operating Total Operating Total life)

Pattern (hr/4 yrs) Pattern (hrs/2.5 yrs)
,

(hr/yr) (hr/yr)&

OFFICE Full-on 1,095 4,380 " 493 1,233 5,613
(65%) Low 2,263 9,052 1,018 2,545 11,597

HOME Full-on 522 2,088 235 588 r 2,676
(35%) Low 793 3,172 357 893 4,065,

WEIGHTED Full-on --- --- --- --- , 4,58~;

AVERAGEc --
Low --- --- --- --- , 8,961

..

I
2.2.2.4 Summary of Effective Life Values (HourS per Life)

In order to calculate the total kWhs consumed per manufactured life and effect~ve life,
values from Sects. 2.1 and 2.2 were combined as shown in Tables 9A and 9B. First, the energy
use rates (kW) were multiplied by the lifespans (flours per life) for each mode and eac~.monitor
type. They were then summed for the two power modes to obtain a total kWhIlife for 'each
monitor type. In an LCA, comparisons are made based on functional equivalency. Therefore, if
one monitor will operate for a longer period of time than another, as in the manufactured life
scenario, overalllife-cyc1e impacts should be based on an equivalent use. Thus, because the
manufactured life of an LCD is 3.6 times greater than a CRT (see Sect 2.2.1), in the fInal
analysis, the CRT manufacturing process inventories must be multiplied by 3.6 to retain a
functionally equivalent basis for the CRT and LCD monitor comparison. Since the effective life
calculation is not technology-dependent, both m1nitor types operate for the same num~er of

• The remammg hves operating pattern IS 45% of fIrst hfe pperating pattern, based on 45% of momtorS that are
reused (Matthews et al. 1997). ' :.' i·

b Modal totals calculated as [(Total for first 4 years) + (Total for remaining 2.5 years)]. I

C The weighted averages. shown for full-on and low power .modes are based on the assumption that 65% of users
operate in an office environment and 35% operate in a home environment. .

H-P

Data presented throughout Sect. 2.2.2 that are needed to estimate the hours per effective
life, are shown in Table 8. The values for hours p~r year per power mode, 'calculated in Sect
2.2.2.2 and presented in Table 7 are assumed to b~ the operating pattern throughout the first life
(first four years). In the remaining lives, the annU;al operating hours decreases to 45% of the
hours in operation during each year in the first life, with the remaining lives lasting a total of 2.5
years (see Sect. 2.2.2.3). Table 8 also presents the total hours per effective life per mode, based
on percentage in office and home environments. These values are in bold in Table 8 (4,586 and
8,961 hrs per effective life) and will 'be used with ,the energy use rates per mode (presented in
Sect. 2.1, Table 1), to calculate the total energy consumption per effective life for each monitor
type.
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Since the energy use rates are the same across both lifespan scenarios for CRTs and
LCOs, we can compare the calculated lifespans of the manufactured and effective lives (hours
per life). For the CRT monitor, the manufactured life total hours are 12,500 versus the effective
life total of 13,547. While thisdoes seem to suggest that a CRT can be used longer than is
physically possible, what this brings olit is the lower confidence we have in these numbers and
some of their supporting values, with less confidence in the manufactured life data. Assumptions
were required several times that could bias these numbers in either direction, however it is
thought that most likely the manufactured life estimate is low based on the other estimates for the
overall CRT moni.tor (see Attachment A, Table A2). However, there was no sound basis for
assuming a lower value and thus the above hours per life values were used. It should also be
stated that while these numbers are different, they are within an 8% error range of one another,
and can be taken to be a near 1:1 ratio, indicating a similar potential lifespan.

For LCOs, the comparison across lifespan scenarios looks more like what one would
expect, with the manufactured life value of 45,000 hours per life being much greater than the
effective life value of 13,547 hours per life. The effective life value reflects the assumption that
a m;er's use habits are not technology-dependent, and would seem to reveal that Leos are not

» •

being used as long as they can physically be (less than a third as long).

H-13

301 Comparing Lifespans: Manufactured Life to Effective Life

a e ° ectIve I e ectrlcltv onsumption
Monitor Power Energy Use Rate EL Calculated Lifespan EL Energy Consumption

Type Mode (kW) (hoursJIife) (kWh/life)

17" CRT Full-on 0.113 4,585 518

Low 0.013 8,961 116 ,

Total ---- 13,547 634

15"LCD Full-on 0.040 4,585 183

Low 0.006 8,961 54

Total ---- 13,547 237

hours in the effective life (see Table 8) and thus they are considered functionally equivalent and
no modification to the overall life-cycle analysis is necessary.

a e 0 anu ac ure I e ec rlcltv onsumotlOn
Monitor Power Energy Use Rate ML Calculated Lifespan ML Energy Consumption

Type Mode (kW) (hours/life) (kWh/life)

17" CRT Full-on 0.113 6,250 706

Low 0.013 6,250 81

Total ---- 12,500 787

15"LCD Full-on 0.040 22,500 900

Low 0.006 22,500 135'

Total ---- 45,000 1,035



T bl 10 S or't A I . f Ef£ f L'£ R Ita e . ensilvi nalysls 0 ec Ive' I e esu s
Monitor Type Power % that Can / % that Cannot

Mode Take Advantage of Power-Saving Feat~res

50/50 75/25 90/10 100/0 --
17" CRT Full-on (kWhllife) 969 689 518 408

Low 64 97 116 ! 129
Total 1,033 786 634 537

15" LCD Full-on (kWhllife) 343 244 183 145
Low 30 45 54 60

Total 373 289 237 205--

APPENDIXH I

The data in Table 10 reveal that the final ~lectlical energy consumption values for the
CRT would increase by 63% with a 50/50 split apd decrease by15% with a 100/0 spl~t (from the
90/10 split assumption). Similarly for the LCD, the results would increase by 57% or decrease
by 14%. Varying the use of power-saving features results in variations in the tQtal amount of
energy consumed for LCDs and CRTs, but does pot vary the ratio of LCD to CRT energy use.
Therefore, these variations will affect the magni~ude of the use stage impacts for effective life
scenarios when compared to other life~cyc1e stages, but will not affect the comparison of LCD to
CRT. Additional sensitivity analyses are available in Socolof et al. (2000).

Finally, in an effort to provide some sensitivity analysis to the final values, the!
assumption used in the effective life calculation that 10% of the computers manufactured in 1998
and currently in use are not able to take advantage of lower power-saving modes (a 90/10 split)
was adjusted to three different splits, with allthe other assumptions and calculations k~pt
unchanged (50/50, 75/25 and 100/0, respectively in each case those that are able to go 'into power
saving modes and those that are not). Table 10 presents the results of the sensitivity analysis for
each of the four power-saving functionality scenarios.

3.2 Sensitivity Analysis

!

The difference between the manufactured ~nd effective lives are important wh~n
evaluating all the life-cycle stages for a particularmonitor type. If the manufactured life is
significantly greater than the effective life, the use stage will have greater impacts, as c,ompared
to other life-cycle stages. Therefore, it is importaht to focus on the lifetime scenalio iliat is most
realistic, while still recognizing the potential impacts from another feasible lifespan scenario.

I !

In the final LCA for this project, we will use the effective life as the primary basis for the
use stage inventory due to the fact that the effective life data are attempting to obtain a'more
realistic value for kWhs consumed per lifetime, and that we currently have greater confidence in
those data versus the manufactured life data. The, manufactured life data will be used to discuss
potential differences in the. use stage impacts based'on this alternative lifetime scenario.
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4. DATA SOURCES AND QUALJTY

Source and quality information for the data utilized in this TM are detailed in Table 11.
Fout categories of data quality ratings were assigned: excellent, average, poor, and unknown. In
general, data assigned higher quality ratings were directly measured and represent 1998 data. As
data required more calculation or estimation, or were found from a previous year, the data quality
rating was reduced.

In general, the overall level of data quality is between average and excellent. However, a
distinct difference can be seen in the average data quality ratings given to manufactured life data
(average) and the effective life~ data (excellent). This infers that greater confidence can be placed·
in the effective life data than in the manufactur~d life data. Additionally, the energy use rate data
appears to be of average.

H-15



Table 11. Data Sources and Quality Information for the Use Life-Span Stage TM
Data Data Data Source Comments Data Data Quality Explanation

SourceJReferences Qualitv'

ENERGY USE RATE
Various monitor Web sites in most It was assumed that the data provided by Average It was not possible to determine in what year each
manufacturer's energy cases; E-mail from manufacturers on the Web sites were high- individual monitor was manufactured; however, it is
use rate data manufacturer in quality data in that the data should be assumed that each monitor is on the order of several

remaining cases. measured and directly applicable to the months to 2 years old when promoted for sale. Thus it

I
equipment for which the information is is estimated that the average date of the information
provided. However, the search for obtained is probably relative to approximately 1997.
information did not separate information Adding that the data was not sorted by performance
obtained by performance level of the level, this data was given adata quality rating of
monitors. Average.

MANUFACTURED LIFE (Only those sources utilized to derive values are discussed here.)
Discussion of CRT McConnaughey Professional opinion provides good Average As a computer manufacturing company employee, it is
lifespan 1999 insights into potential ranges for certain expected that they are a quality source of information

components, however is still an opinion on this topic; however, information is still an opinion
and not scientific data. and not scientific data, thus an Average data quality

rating was assigned.

_.l)is~c!!ssion oC<;;KLll!ld
'"

D()ugla§ ].999___ See above comment. Average See above co~ent.
LCD lifespans

~ c_ - .. - - ....,.-_._- . -
--~ ----

Discussion of LCD Ritsko 1999 See above comment. Average See above comment.
lifespan

Discussion of LCD Tsuda 1999 See above comment. Average See above comment.
lifespan

Discussion of CRT and Young 1999 See above comment. Average As the leader of a group that closely follows the trends
LCD lifespans in the LCD market and produces monthly reports on

technology and market trends, it is expected that they
are a quality source of information on this topic,
however, information is still an opinion and not
scientific data, thus an Average data quality rating was
used.

17" CRT monitor VP1501998 As technical data on one specific CRT Excellent As direct manufacturer information applicable to 1998,
specifications sheet monitor the information is expected to be this data is given an Exce!lent data quality rating.

at least testing quality data or better.
-

\
"-~ ..•._- --- '- -- -- - -- ,'.. - -- ~ .- .. I·

- -.------- --- ------ ~ ---~--.-- -_. ~ - .---- .. -- - ----~_.~--~._---.----.. --.--.----- ._.~ L_._~ __ . .~ ~_ "_ .._ _ _ _ .



TMStf f th U L'£ SdQ rt I fT bI 11 D taSa e . a ources an ual y norma IOn or e se I e- ipan age
Data Data Data Source Comments Data Data Quality Explanation

SourcelReferences Oualitv a

EFFECTIVE LIFE

Number of PCS in use in CIA 1997 Authors have much experience in Excellent From review of the available information on the authors
the U.S. obtaining and collecting computer and data sources for the data that go into the Computer

statistics in U.S. and other countries; have Industry Almanac, the data quality rating of Excellent is
been publishing this book since 1986. given. Even though data is from 1996, the authors used

that data and recent trends information to predict 1997
values, and it is expected that the 1997 values are not
significantly different than the 1998 values.

Percent of PCS in the RECS 1999 "The Reside~tialEnergy Consumption Excellent While these data are 1997 data, it is assumed that the
home that are used in an Survey provides national...information energy usage patterns of home dwellers has not
office-like environment about U.S~ households and their energy changed significantly between 1997 and 1998.

usage. The 1997 survey collected data
from a statistically selected sample of
5,902 households that were interViewed in
their homes."

Number ofPCs in use in RECS 1999 See previous comment on RECS. Excellent See previous comment on RECS.
the home

Office PC use pattern Nordman 1996 Used multiple sources of previous data Average Their data was manipulated slightly to account for a
covering many samples ofPCs, as' well as greater number of affectors on typical usage patterns.
their own research, to derive their By manipulating their datil the data quality is slightly
equipment usage pattern. reduced, thus data quality rating of Average was

assigned.

Home PC use pattern RECS 1999 See previous comment on RECS. Excellent See previous comment on RECS.

Number of years PCS are NSC 1999 "This study presents the results of the first Excellent Due to the applicable time frame and the body of
used in 1st life and 2nd large-scale survey (which covered the companies who participated, these data were given data
and subsequent lives years 1997 and 1998) and analysis of end- quality rating of Excellent.

of-life electronic product recycling and
reuse in the U.S. ,Data were collected
from 123 finns."

Number of PCS that are Matthews 1997 Performed a study in 1991, watched as the Average While changes were made to the second study as
used in their 2nd and computer market changed over 16 years, weaker parts of previous study were uncovered, still
subsequent lives then reviewed the original study finding extrapolated individual recycling firm data to obtain

the weak spots there. Reperformed study some base data for their estimates. While data is
in 1997 making leamed changes to the primarily relative to the 1997 time frame, which is very

, analysis format and using newer data close to our year of interest of 1998, still chose data
(1997). quality rating of Average due to amount of data

manipulation that was required to obtain values.
• The data were assigned to one of the following four data quality categories: Excellent, Average, Poor, and Unknown.

=I...
....:l
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5. LIMITATIONS & UNCERTAINTIES

This section is subdivided into three subsections, with each addressing the limitations and
uncertainties of the energy use rate, manufactured life and effective life calculations.

5.1 Energy Use Rate

The energy use rates utilized in this TM were not from a systematic study of the energy
use rates of all applicable monitors, only those for which information was located on the World
Wide Web. Also, itwas difficult to pinpoint the exact date from which much of the data came
(see the data quality explanation of those data in Table 11). To successfully and effectively take
advantage of the data on each of the three lower power modes, it would have been necessary to
have hours per life data for each of the three power modes as well as for manufactured and
effective lives. No sources of data, for either lifespan, separated hours per life estimates into
three distinct low power modes. While this does induce error, it is expected that averagingthose
categories to estimate the total amount of time that a monitor spends in all the lower power
modes would only have a minor effect on the final energy use rate values. The effect of
averaging these categories probably overestimates the total amount of electrical energy that is
consumed during lower-power mode use. This is so because those that are left on for significant
periods of time (overnight, over a two-day weekend, ot over an extended stay) most likely are
reaching their lowest power mode within the first 1 - 2 hours arid staying there for the duration of
the away time.

When this information was obtained from the World Wide Web, the data were simply
separated into one of the two large categories of 17" CRT and 15" LCD desktop monitors. Thus,
since it is fairly common that one type of monitor manufacturer will make several different
models with varying performance characteristics with one size range, a limitation of this data is
that it is not sorted by performance characteristics. Additionally, the data obtained from these
Web sites are most likely maximums, and were stated as such in several cases. However, if some
manufacturers did not state that the reported values were maximums, then our averages are
slightly high.

5.2 Manufactured Life

Only a very limited amount of information was obtained with which to make the
assumptions made in this TM about manufactured life. The primary uncertainties relate not only
to the assumption of the MTBF lifespan of the monitors, but also to the testing duty cycle which
was completely estimated. With the lack of any high quality data, the confidence in the
manufactured life calculations is low.
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5.3 Effective Life

Several assumptions were made to calculate the effective life data set. They include the
following: '

• 90% of monitors are able to go into lower; power consumption modes;
• Atypical workplace computers (e.g., those used in hospitals and schools) balance to fit the

office-like use environment established in this TM; .
• Atypical (average) office use environment week consists of 4 'weekdays,' 1 'absence day'

and 2 'weekend days,' where the absence day accounts for holidays, sick days,
work-related travel days, vacations and days of no use of the work computer;

• The percent of time a monitor spends in full-on versus lower power modes in a home
environment is the same as in an office environment; ,

• Used the office environment split of the total on time that equipment spends iIi full-on
versus a lower power mode for the home environment split of total on time;

• LCD desktop monitor lifetimes are more similar to desktop CRT monitors than notebook
PC displays; and " , !

• The same number of years of use per life ;exist for office and home environments.

While the above assumptions do introduce error, the magnitude of the error is :unknown.
Some assumptions may have a greater effect on the final values than others. For ex~ple, it may
be concluded that tbe assumption that the average office PC system usage pattern is f~rly

accurate, while the assumption about atypical workplace computers could potentially contain
significant error in either direction of the assumed value. Table 10 showed the effect~ on the
results from varying the use of energy saving features. If several of these assumption~ are biased
in the same direction (either all underestimating pr overestimating the results), then tIte effective
life results have the potential to be significantly under or overestimated.

6. DISCUSSION AND CONCLUSIONS

The information presented in this TM ar~used to calculate the environmental;burdens
generated during the use life-cycle stage of the :rJ?0nitors. That information is then compared to
those burdens that occur in the other four life-cYrle stages of materials extraction, ~terials

processing, manufacturing and end-of-life. To c1alculate the environmental burdens f~oin the use
life-cycle stage, the results of this TM -- the values for each monitor's (flectrical energy
consumption over its lifetime in kWhs -- are muhiplied by eac~ of the inputs and outputs from'
the electricity generation process. '

0:-20



CDP
CRT
DfE
DOE
DPMS
EIA
IC
kW
kWh
LBNL
LCA

. LCD
LCI
MTBF
PC
RECS
TM
W

ACRONYMS & ABBREVIATIONS

Computer Display Project
Cathode ray tube

. Design for the Envitonment
Department of Energy
Display Power Management Signaling
Energy Information Administration
Integrated circuit
Kilowatt
Kilowatthour
Lawrence Berkeley National Laboratory
Life-cycle assessment
liquid crystal display
life-cycle inventory
Mean-time-before-failure
Personal computer
Residential Energy Consumption Survey
Technical memorandum
Watt
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V IfCT bl A 1 CRT & LCD M °t Ea e - 0 om or ner~ onsumpIlOn a nes
CRTs I Company Model Size VIS' Energy Consumption (watts)

(inches) (inches) Full-on Standbyb Suspend Act. Off Comments!Assumptions -

Apple Color Sync 17.0 16.1 < 125 < 60 < 5

MUltiple Scan 720 17.0 16.0 < 120 < 5
Compaq V75 17.0 16.0 < 115

(& Digital) P75 17.0 16.0 < 115

71C 17.0 15.7 < 110 < 15 < 15 < 8 -
71P 17.0 16.0 < 120 < 15 < 15 < 8

EIZO FlexScan 'lX-C7 17.0 15.8 140 < 12 < 5

FlexScan FX-C5 17.0 15.6 95 < 10 < 5

Hitachi SuperScan Elite 641 17.0 15.9 < 135 < 15 < 8
SuperScan Pro 620 17.0 15.9 < 115 < 15 < 8

LG Studioworks 74i . 17.0 16.0 100 15 8

17M 17.0 15.9 < 130 5
MAO XJ707 17.0 < 120 < 15 < 15 < 8

XJ717 17.0 < 120 < 10 < 10 < 5

XJ700T 17.0 ." < 120 < 15 < 15 < 5
DJ707 AV 17.0 < 120 < 15 < 15 < 8

Mitsubishi Diamond 87TXM 17.0 16.0 120 < 100 < 15 < 8 Due to the significant difference in the Mitsubishi "Standby"

Diamond Pro 700 17.0 16.0 110 < 95 < 15 power mode category values and those supplied by other

Diamond Plus 72 17.0 16.0 105 < 90 < 15
manufactilrers, these values were omitted from the average
"Stimdby" power mode calculation.

Diamond Plus 70 17.0 16.0 95 < 80 < 15

NEC Multisyne A700 17.0 15.6 85 < 8 NEC representative contacted through support phone number
Multisync E700 17.0 15.6 95 < 8 stated that the energy saver mode power consumption is

Multisync M700 17.0 i5.6 120 < 8
usually rated at 8 watts or less for all monitors. Due to range
similarities, assumed that this rating falls into the 'Active Off

Multisync P750 17.0 15.6 125 < ,8 power mode consumption category.

Panasonic PanaSync S17 17.0 16.0 110 < 15 < 15 < 8 The company Web site stated "typical" or "nominal" for the
PanaMedia PM17 17.0 16.0 130 < 20 < 20 < 8. associated power consumption values.

Philips 107S 17.0 15.9 80 < 5
107MB 17.0 15.9 85 < 5
107B 17.0 16.0 85 < 5

Sony CPD-200ES 17.0 16.0 < 120 < 15 < 8
CPD-20OGS 17.0 16.0 < 120 < 15 < 8

Toshiba TekBright 700P 17.0 15.8 100 Web site indicated 110 watts maximum, 100 watts nominal.
Viewsonic PT775 17.0 16.0 , 130 The company Web site stated "typical" or "nominal" for the

EA771B 17.0 16.0 130 associated power consumption values.

0173 17.0 16.0 < 110
CRT Averages: 113.00 17.31 15.00 6.85

Standard deviations: 15.35 11.61 2.13
"

1.49

CRT Standby, Suspend and Active Offaverage: 13.05
Standard deviation: 5.08
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Table AI. CRT & LCD Monitor Enerf!V Consum non Values (continued)
LCOs Ce,mpany Mod·el Siu/VIS" Energy COIlSUIDP'!ion (watts)

(mches) Fun-on Standby~ Suspend Act. orr Co,mmenWAssump,tillDS
;

.

Apple Studio Display 15.1 < 35 10 8
Batron FM-I7TXll 15.0 35

Compaq TFf500 15.0 < 50

Digital SIP 15.0 40 8 8 Received data through phone support (800.354.9000).
EIZO F1exScan 1.34 15.0 3Q < 15 <' 5
LG 5001£ 15.1 40 5 5

Mitsubishi LCD50 15;0 45 8 8
NEC LCD1510 15.0 50 8

-.--< C-:-,_-

Samsung 500TFf 15.0 < 45 ,< 5 Received ,data via E!~fuail. The Samsung E-mail received stated that in
full power on mode, the power consumption was a maximum of 45
watts and a nominal of 36 watts.

Sharp Super-V 15.0 36 " 2
Sony CDP-LI50 15.0 35 < ,4 < 4 -

<
Viewsonic VP150 15.0 35 2.6 2.6 Received data via E-mail. Full-on category value noted as "typical."

LCD Averages: 39.67 7.58 5.29
Standard deviations: 6.50 3.89 2.29

LCD Standby, Suspend and Active Offaverage: 6.44
~ - ~.'_'__ • _"om __"~"m . Standard deviation: .._-~_. -~~-_. 3,09

~---- " .. -- -'. " -_.~-,. ,_ ._ ~"'C.
• VIS = Viewable ImageSize.,
b The 'Standby' energy consumption category includes listings noted as "Power Save Mode 1."

Notes: The energy consumption data shown in this table were taken from the Web sites of the retailers during 1998 unless otherwise noted. The energy consumption ratings for
these monitors showed various information. Sometimes the less than «) symbol preceeded some or all values, sometimes the addendum note 'maximum' was included and
sometimes only the values themselves were reported.

,
" _c__

-

- - .- -----.-----~~--~------~----,--~- -------~---~.-~-.-.--~~~-------~-" ---- ---.-.---~---- - --~--~ _~w __~. _. ~~. _.~ _~~.~~_~ ~ __~_" ••• _ __w _ . __ ~
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Table A2. CRT and LCD Monitor MTBF Values & Manufactured Life Comments
MTBF Values for the: Source Comments from Sources

CRT CRT LCD
Monitor Only Monitor
I(thnm:ann hnJlrJI)

30-60 10-15 Goldwasser - "Most manufacturers will quote an MTBF of somewhere in the 30,000 to 60,000 hour range, EXCLUSIVE of
1999 the CRT. The typical CRT, without an extended-life cathode, is usually good for 10,000 to 15,000 hours before

it reaches half its initial brightness."
- "CRT Life: The life of a monitor is determined by the life of the CRT. The CRT is by far the most expensive
single part and it is usually not worth repairing a monitor in which the CRT requires replacement. The .
brightness half-life of
a CRT is usually about 10-15k hours of on time independent of what is being displayed on the screen."
- "In a CRT monitor, the shortest-lived component BY FAR is the CRT itself, and it ages (more properly, the
cathode is aging) as long as the heater is on and the tube is under bias (i.e., receiving voltage). Most monitors
don't get around to turning the heater down or off until they enter the Display Power Management Signaling
(DPMS) "suspend" or "off" modes. (And no, screen-savers do NOT help here - the tube is still on and the
cathode is aging.)
- "In a CRT display, the CRT itselfis usually the limiting factor in this (life), and in THAT specific case we
usually
speak of "mean time to half-bright" instead, since it's rare for a CRT to simply die once it's past its early
operating life. Mean-time-to::'half-bright is just what it says: how long, on average, can you operate the tube
before the brightness
drops to half its initial level for a given set of operating conditions. (Brightness is ALWAYS slow(1y) decreasing
throughout the tube's life, due to the aging of the cathode and the phosphor.) For most tubes with standard
cathodes, this will be in the neighborhood of 10,000-15,000 hours."

50-100 McConnaughey Mr. McConnaughey stated that each of the subsystems of a monitor has different components that must meet
1999 different MTBF (Mean Time Before Failure) testing. Before testing, manufacturers typically calculate what the

expected MTBF should be, and then test it to obtain the demonstrated MTBF. A rule of thumb is 50,000 hours
calculated and over 100,000 hours demonstrated.

75 Philips 1998 "MTBF: >75,000 h (according to MIL-HDBK 217E) at 25 degrees Celsius (exc!. CRn"

50 MaginDovlsion ''The average MTBE (Mean Time Before Failure) for MAG InnoVision monitors is 50,000 hours, excluding the
1998 CRT."

86 I PlanetMac Mean Time Before Failure = 86,000 hours.
1999

80 10-15 (50-backlights) Douglas 1999 Phone conversation with David Douglas at Dell in Texas. David took plenty oftime to discu~s MTBF, and
relayed that while Dell requires suppliers ofCRT components (EXCLUDING THE CRT) to meet a MTBF
specification of 80,000 hours, Dell performs testing (a type of 'demonstrated' MTBF - is a torture test) that
typically yields at least twice the specificatioJ;l value in total time the equipment can operate. With that said,
David then agreed that the CRT is the component that determines a CRT-based monitor's lifetime and that it is
rare that a CRT lasts anywhere near that long, with most failing in the 10,000-15,000 hours/life range. David
noted that CRT semiconductors are the next component that can fail. In LCDs, components containing silicon
are most likely to fail first, with most manufacturers quoting backlights that will last 50,000 hours.

Koch 1996 Didn't supply any other data other than that they assumed 10,000 hours as the lifespan of the LCD monitor.



Table A2. CRT and LCD Monitor MTBF Values & Manufactured Life Comments
MTBF Values for the: Source Comments from Sources

CRT CRT LCD
Monitor Only Monitor

Ifthnm:and !lours)

50: 15 for Tsuda 1999 Mr. Tsuda (Apple Computers) stated that the specs don't typically change for different size LCD monitors for
backlights specific components. MTBFs for flat panel displays are about 50,000 hours, except for the backlights which

have MTBFs of about 15,000 hours. Most components can be fixed or replaced easily by trained technicians.

I
Testing they perform is with maximum brightness, full white pattern; worst pattern for LCD is 1 pixel On/I pixel
Off.

40 Young 1999 Through a conversation with Ross Young, Ross spoke of a note a gentlemen had sent him wherein they assumed
a useful life for an LCD of 84 months and a CRT of 36 months. Additionally, it was noted that an LCD panel
was assumed to have a life of around 40,000 hours, and this could increase if DPMS screen savers were
implemented.

(50-backlights) VP1501998 Light Source: long life, 50,000 hrs. (typ)
(l0-40 - silicon Ritsko 1999 Liquid crystals and thin-film transistors (TFTs) don't typically wear out, yet the amorphous silicon transistors are
driver chips) less reliable than the single transistors. Also, the driver (silicon) chips could be an item that might show wear,

however, the chips that go in FPDs are fairly typical, use low voltages and should run between 10,000 and
40,000 hours.
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Table A3. Use Stage Data Information, Estimates and Assumptions from Reviewed Sources
Author Operating CircumstanceslLifetime Data J,Jower Conswnption ratelPower Management

lung 1999 "The estimated useful life for a PC in a business environment is only two to three years, while home computers
users typically use their equipment for three to five years."

Matthews 1997 First research group to attempt to model the time effort factor of storage of computer equipment during the Use
life-cycle stage. In doing so, came up with a breakdown of options (shown below). Additionally, after
calculating the destinations and percent averages from their numbers, 26% of end-of-life equipment is
landfilled after 8.06 years in use and storage (.and possible reuse), and 74% is recycled after 8.49 years in use,
storage and possible reuse.

Initial lifetime ofPCs: 5 years % at end of 1st life reused: 45%

% at end of 1st life recycled: 5%

%at end of 1st life stockpiled: 45%

% at end of 1st life landfilled: 5%

Lifetime of reused PC: 3 years % reused recycled: 40%

% reused stockpiled: 50%

% reused landfilled: 10%

Lifetime of stockpiled PC: 3 years % stored recycled: 75%

% stored landfilled: 25%

Calculating through the above numbers for 100 (# out of 100) (time)
computers reveals the following breakdown:

Landfilled after 5 years 5 25

Landfilled after 8 years 15.5 124

Landfilled after II years 5.5 60.5

Landfilled totals 26 209.5

Average numbers of years to landfilling of PC: 8.06

Recycled after 5 years 5 25

Recycled after 8 years 52 416

Recycled after 11 years 17 187

Recycled totals 74 628

Average number of years to recycling of PC: ' 8.49

NSC 1999 "The lifespan estimates used in this study were developed through interviews with more than 30, major manufacturers and resellers. Major computer manufacturers were consulted to determine
the lifespan of electronic equipment. Because manufacturers know when their products were
fabricated and many also have recycling facilities, these firms are qualified to make an educated
lifespan estimate. Resellers and nonprofit organizations were asked to estimate the reusable life.
or 'second life' by product and processor type. These inputs were used to develop estimates of
the first life
(the amount of time a product is useful to its original owner) and the total lifespan (period from

manufacturers to disposal) for each electronic product."

First life Total life

CRT computer 4 6-7

Notebook PC 2-3 4



Table A3 Use Stage Data Information Estimates and Assumptions from Reviewed Sources. , ,
..

Author Operating CircumstanceslLifetime Data Power Consumption rateJPower Management
Chan 1997 This class report from a University ofTOfonlo group of 4 people contaiDS several worthwhile pieces of

infonnation. The data presented comprise responses from 180 people (130 administrative, leaching andreswch
taff and 50 residents). Class covered 199611997; data were gathered during the class.

Hours ofcomputer use by staff <4hIs1dy 7%

5·8 hIsldy 52%

9 or> brsIdy 41%

lPercentage of computers with energy-saving features have features 52%. iDStalled or activated
no knowledge of features 35%

I don't have features installed oractivated 13%
Respondents who update their knowledge of computer do not 75%
energy-saving features

do 19%

no response 6%

Idling time of office and residential computers that are less than 2 hrs 66%
turned on

3-5 hrs. 22%

6 hrs or more 12%

Respondents who turn off their computer when they are never do 70%
away for a period (period is 45 min. or longer)

sometimes do 21%
-- ~,~-, "~-'~...--,..-r --~_.~ -- - - --- -- -always do -~--.--7% - ,_.- .. .. - .. .. .- - ..

no control 25%

Staff who shut down their computers at the end of the always 70%
day

sometimes 9%

never 19%

no control 2%

Percent of office computers left on during weekends always 22%

sometimes 8%

never 67%

no controllno response 3%

EIA 1997 The EIA's results from the Residential Energy CODSumption Survey (RECS) provides some good data on home

Hours PC turned on each week less than 2 hrs 8.2

\
- - .-- ._, .. 2 to 15 hrs 17.4_.- -- .. '-- -- - '. --" ..._, - - .. - ....

16 to 40 hrs 6.7

I
On all the time 3.3

How PC is used 15 hrs a week or less 26.5 I'
I 16 hrs a week Of more 10.0 IPersonal use only 4.8
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Table A3. Use Stage Data Information, Estimates and Assumptions from Reviewed Sources
Author Operating CircumstanceslLifetime Data Power Consumption ratelPower Management

Business use only 2.1
"

Used for both 3.1

Additionally, RECS calculated that lion computers were in use in U.S. households in 1997. Other data from the
RECS included "6% of the households that used PCs used that computer to tele-commute."

CIA 1998 Estimate that 117 million computers were in use in the U.S. in 1997.

EPA 1999 Have the EnergyStar compliance monitor specifications.

First low-power mode Second

Low-power state: <= IS watts <=8W
Default times: 15-30 minutes < 70 min.

Koch 1997 Assumed 10,000 hoursllifetime for the LCDs in the study.

Goldberg 1998 Article reported that Walt Rosenberg, Compaq's director of environmental affairs, stated that today's machines
have a useful life of two-to-three years.

Miseli 1999 Did not separate office from home user. Assumed units operate 50% of the time (annually) around the clock. Assumed 90W fOr a CRT an.d 30W for an LCD.
Stated that''True life ofa CRT or LCD is defined for the case when it runs continually at full intensity," adding
that tru.e life for CRT is about 1.25 years and for LCD is about 2.9 years. Doubled each of those true life values

for his calculations. '

Tekawa 1997 Assumed personal users time frame of2 hr/dy, 365 dy/yrfor 5 years, and office users time frame of8 hr/dy, 247 Don't state the actual numbers they used, but do say they
dy/yr for 7 years. Assumed a ratio of personal to office user of 4.6. took the mean of the minimum and maximum power

consumption,ratings.
Atlantic 1998 They estimated that a PC's lifetime is 3 years. Then they stated that they were modeling only the fJISt lifetime of They assumed that the monitor consumes power at a rate of

a PC; they acknowledged other lifetimes but decided not to attempt to model them. They also estimated that the lOOW, and that the "base case PC has no energy savings
PC is turned on 8 hrs, per day, 230 days per yr, altogether running for 5,520 hrs during its lifetime. facilities."

Philips 1998 MTBF of75,000 hrs for a 19" C1995 Typhoon high resolution CRT monitor excluding the CRT. Power consumption: 120W typo (140 W max)
Nordrnan.1996 In this document, Lawrence'Berkley National Laboratory (LBNL) details results from several audits they The LBNL doculp.ent provided results from a audit of 70

performed determining the state of power consumption and power management in certain computers and monitors and their setup and use of energy saving power
monitors modes. Their primary conclusions were that only

approximately one-third ofall monitors were
" "accomplishing power management" The following is a

breakdown of some of what they found:

Standard %of time in each mode by day type, by Full-on Low - 34 apparently meet Energy Star requirements
, operating pattern

Workday 17% 35% - 30 were 'universa~' (able to initiate power mgmt two
ways)

Weekend day 0% 20% - 30 were left on at time ofaudit (12 in suspend mode)
Absence day 0% 20%

Weekdays average 13% 45%

All days average 10% 35% c

This document also contained data on the actual power
consumed by 3-17" monitors over a 4-6 week period, broken
down by power consumption mode, and the results are
shown below:
Monitor#l: Full-on = 91 watts; Low = 7 watts

Monitor #2: Full-on =84 watts; Low = 3 watts

Monitor #3: Full-on= 85 watts; Low == 4 watts



Author
CCPcr1998

Table A3. Use Stage Data Information, Estimates and Assumptions from ReVIewed Sources
Operatinl! CircumstancesILifetime Data Power Consumption rateIPower Management

The University ofTennessee CCPCT reviewed the available
CRT and LCD energy consumption information (mostly via
the WWW) and produced the energy consumption breakdown
shown at left by energy consuming state:The units are all
watts.

CRT Full-on: 113.29

Standby: 17.18
Active off: 6.85

LCD Full-on: 40.00

Standby: 7.58
Active-off: 5.70
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APPENDIX I

TECHNICAL MEMORANDUM:
End-of-Life Approach for the DiE Computer Display Project

I. INTRODUCTION

The Computer Display Project, sponsored by the U.S. Environmental Protection Agency
(EPA) as part of its Design for the Environment (DfE) program, is investigating the life-cycle
impacts of cathode ray tube (CRT) displays and liquid crystal displays (LCDs) for use in desktop
computers.

A meaningful comparison of the two technologies from the environmental perspective
can be made only if the life-cycle.impacts associated with various stages, namely, raw material
extraction, materials processing, mamifacture, use, and end-of-life (EOL), are evaluated. The
functional units being compared are the 17-inch CRT display monitor and the IS-inch active
matrix liquid crystal display (AMLCD) monitor. The two are considered to be functionally
equivalent with respect to the viewing area available tothe user. EOL issues are of growing
interest to manufacturers nowadays due to Extended Producer Responsibility (EPR) concerns
(Fishbein 1998) and the consequent higher expectations from manufacturers for influencing the
ultimate fate of their products...

The purpose of this memorandum is to describe the approach for evaluating the EOL
life-cycle stages of CRTsand AMLCDs for the Computer Display Project. This approach
includes:

(1) developing scenarios to represent reasonable EOL alternatives; and
(2) collecting life-cycle inventory (LCI) data for the EOL alternatives.

1.1 Background

Estimates from 1998 revealed that more than 20 million personal computer central
processing units (CPU) became obsolete in that year (NSC 1999). Earlier estimates indicated
that approximately 10 million television sets and 12 million computer monitors reach the end of
their useful lives each year (MCC 1996). Assuming that one monitor became obsolete for every
CPU in 1998, and since LCDs have not been in existence long enough to have attained
"end-of-life" (EOL) status in sufficiently large numbers, it is expected that approximately 20
million CRTs are retired annually. There is not much information available on the disposition
options for LCDs.

The major existing EOL environmental concern associated with CRTs is disposal of
leaded glass. LCDs, on the other hand, do not contain any leaded glass and are much lighter in
weight, but contain other materials of concern, such as mercury used in the backlights.

1-1
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1.1.1 CRT EOL Issues

According to practices followed by leading CRT recyclers such as Envirocycle:
(Envirocycle 1999), the material of greatest value recovered from CRTs is leaded glass (which is
also the major component by weight), followed by small quantities of metals. Also, whenever
the incoming EOL product is a complete computer monitor, some plastics and metals ~an be
recoveredfrom its outer casing and other parts. . .

The closed loop recycling of leaded glass involves recovering and processing the material
for use as cullet in the manufacture of new CRTs! CRT manufacturers will use the cuilet if i.t
meets quality standards and is of the same chemi~try and type as required by them in their
manufacturing operations. Thus, effective recycling of post-consumer CRT glass reqliires very
careful sorting and separation into various types, followed by decontamination (remov,al of
coatings). Resmelting (for lead recovery) and do~ncycling (into other glass applicati~ns) ar,e
some of the other "open loop recycling" alternatiyes. In 1997 and 1998, CRT comput~rmonitor
recycling was done for 1.3 million units (46 millipn pounds) and 1.5 million units (51.:million
pounds), respectively (NSC, 1999). '

1.1.2 Regulations Regarding CRT Disposal '

Color CRTs may fail the EPA Toxicity Cparacteristic Leachate Procedure (TCLP) test,
and therefore may be classified as hazardous was,te under current EPA regulations. Some experts
believe that this classification poses barriers to the effective recycling of CRTs, on ac¢ount of
special permits and transportation requirements for handling hazardous waste (EPA-dsI 1999).
However, EPA has implemented a glass-to-glass 'recycling exception. ;

In order to landfill CRTs in accordance with EPA regulations, they must be di~mantled,

and the glass crushed and stabilized by micro-encapsulation in cement. However, thi~ method
has some drawbacks. Crushing increases surfac~ area and, consequently, the potentia~ to leach
lead. Though cement encapsulation is the required method, it has been found that cement
disintegrates faster than glass (MCC 1994). i .

To encourage recycling, some states hav~ developed new initiatives that will e:ase some of
the regulatory barriers. Massachusetts, for example, has proposed to specifically exeqJ.pt "intact"
CRTs from being classified as hazardous waste and simultaneously banned them froni disposal
in municipal landfills and combustion facilities (MDEP 1999). These measures cou14 promote
the recycling of CRTs by making the process of handling and transportation much eas1er, and the
paperwork less cumbersome.

1.1.3 Lcn EOL Issues

Currently, no infrastructure or established process exists for recycling LCDs specifically.
I . ,

Of the small numbers of LCDs that have reached the EOL stage (predominantly as no~ebook

computers), a much smaller number is likely to Have reached recycling facilities. No specific
details are available on the materials recovered from them as they ,are expected to have been
processed along with other electronic products, ~ith some valuable and/or potentially' recyclable
materials removed. The following components ~nd materials of potential reuse or recycling
value found in LCDs have been identified by MeC ~CC 1994):
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• Thin film transistors (TFTs).
• Color filters.
• Glass.

The toxicity potential of heavy metals is of concern in the EOL stage. The heavy metals
found in the LCD monitors are identified in the main body of this LCA report. This study will
consider the presence of heavy metals or other materials of potential concern in the wastes and
emissions generated.

1.2 EOL Disposition Options

In the past, landfilling has been the prevalent method for the disposition of post-use
computer monitors (i.e., those re-used after being resold or donated). However, with increasing
awareness of potentially harmful life-cycle environmental impacts, dwindling natural resources,
government regulations against disposal of toxic substances in landfills, and the consequent
development of markets for recycled components and materials, more options are now available,
for the disposition of post-use computer monitors. They are briefly described below.

1.2.1 Reuse'

Reuse, often as a result of reselling, involves continued use of the monitor for the purpose
for which it was built, and is considered to occur within its originally intended useful life. Reuse
does not usually entail major repairs or modifications, and is a preferred EOL option because the
original materials contained in it are put to use for an extended period of time, thus conserving
valuable natural resources (energy and raw materials) needed to manufacture new monitors or to
dispose of discarded ones. However, reuse could result in reduced energy efficiency during the
use stage as monitor manufacturers continually ~trive to improve the energy efficiency of their
products.

1.2.2 Remanufacturing

Remanufacturing is a viable option for monitors that are no longer functional but could be
refurbished (upgraded or restored to working conditions) at a cost lower than that of
manufacturing a new monitor, to be sold again in domestic or foreign markets.! Here again,
energy and raw materials are conserved, thou'gh some new parts/components may be required.
Another important benefit of remanufacturing is solid waste reduction, achieved by diverting the
monitor materials away from the landfill. R~m[mufacturing processes span a wide range of
activities, from as little as replacing button tops to as extensive as testing and replacing PCBs or
transformers.

I In addition to cost, the arrival of new technology is another factor that inhibits remanufacturing. In such
cases, remanufacturers seek to find markets where products based on old technology are still in demand.
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1.2.3 Recycling ,

Recycling involves recovering the individ~al materials from EOL monitors, to be used in
the production of new monitors (closed-loop recypling) or in other products (open-loop
recycling). Identification, sorting, cleaning, and flurther processing (e.g., smelting) are often
required before the recovered materials can be used again. Though materials recycling involves
several processing steps, it results in the conservation ofenergy and raw materials, and diversion
of materials that would otherwise have been landfilled, through the creation of new, d¢sirable
products that are in-line with current market demimd. '

1.2.4 Waste-to-Energy (WTE) Incineration

A portion of municipal solid waste (MSW) is routinely sent to incinerators or municipal
waste-to-energy (WTE) facilities for energy recoyery. The quantity of ash (bottom as6 and' fly
ash) left over is a small fraction, around 25% (E~A 1998) of the original waste input, ~nd can be
disposed of either as non-hazardous or hazardou~waste, depending on whether it pass~s the
TCLP test or not. The obvious benefits are redu~ed solid waste and the energy produced, which
is often counted as a credit in life-cycle energy c~culations.2

1.2.5 Landfilling

Landfilling solid waste in Subtitle C (for hazardous) or D (for non-hazardous) Jandfills is
I .

the least preferred option, since all the other optiC>ns have some expected environmental benefits.
The disposal of waste in Subtitle C landfills is u~ually the most undesirable, as it often involves
treatment to immobilize the hazardous materials before they can be landfilled, thus increasing the
quantity and cost of disposal. Also, hazardous waste sites have the potential to turn into high
liability ("Superfund") sites. Some states have nfgulatory activities that might not accept
monitors in Subtitle D landfills.

2. METHODOLOGY

This section outlines key assumptions, defines conceptual models proposed for
determining the flow of materials through the E0L processes, and highlights some important
issues pertaining to CRTs and LeDs. '

The major steps are listed below:,

• Assumptions about the distribution ofEQL options were made.
• Data were collected for various dispositi~m options using existing inventory r~ports and

inventory questionnaires sent to recycler~. ,
• Data were normalized to the functional Unit and included a$ the EOL inventories.

2 The energy used in different life-cycle stages ~s summed up to arrive at the total energy us~d in the lif~
cycle of the product. In case of WTE incineration, where; energy is recovered instead of being used up, it is treated
as a negative v.alue and subtracted from the total. '

,
1-4
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A monitor is assumed to have reached EOL status when:

Energy
Recovery

Usable Materillls 10
Manufacturing

Ash
Residue

Closed/Open
---1~~1 Loop Recycling

To Manufacturing

'Figure 1. Conceptual Model Showing End-of-Life Disposition Options
for CRT and LCD Monitors

Disassembly/
~ Materials Recovery I1-

"", Landfill
~Haz. "'" Subtitle C,

End-of-life
CRTfLCD
Monitor

"", Landfill
~Non-Haz. SubtitleD

~I "Remanufacfuring I "",

'"", WTE r----,
Incineration ~,~

2.1 EOL Conceptual Models

• It has served its useful life and/or is no longer functional.
• ' Technological obsolescence renders it unusable.

The EOL options for CRT and LCD monitors are graphically depicted in Figure 1. Estimates of
the percent distribution of monitors going to each EOL option are presented below. As the
functional unit in, this study is one monitor over its lifetime, the percentages are used as
probabilities for the EOL disposition of a particular monitor.
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2.2.1 CRT

The National Safety Council (NSC 1999) reported that 11% of all personal computer
CPUs are recycled. Assuming one monitor is rec~cled with every CPU, and assuming ;these

I 'represent CRTs, we assume 11% of CRTs go to r~cycling. The NSC report also stated that 3%
of personal computers are "refurbished and resold oJ." donated." We thus used 3% as an estimate
of the CRT monitors that are remanufactured, altIlough we recognize this might be an'
overestimate, as we do not know if those resold and donated are also remanufactured. ;Given. that
this is a small percentage, this error is not expect~d to have a large effect. Further data; are
lacking on the percent of monitors being incinerated or going to landfills. To estimate:the
percent incinerated, we used the percent of all muhicipal solid waste in the United Stat~s being
incinerated, which is estimated at 15% (EPA 1998). Summing the percents for recyclipg, re·,
manufact:1.iring, and incineration equals 29%. Thi~ leaves 71 % that is assumed to be landfilled.
In the life-:cycle analysis in this study, only one lahdfilling process is modeled, which i~ assumed
to represent both hazardous waste and solid waste landfilling. The landfilling process ~s derived
from Ecobalance data and is a combination of four major materials in a CRT (glass, steel, plastic,
and aluminum), based on the proportion of each of those materials in the CRT. the inventoJies
for each material are of generic materials (not necessarily the precise materials in the CRT). For
example, the glass is generic glass, and not leaded glass, and the plastics are generic "plastic" and
may not represent the exact plastics in the CRT.

Although the percentage of monitors that are ,landfilled are not separated into ~azardous

and non-hazardous waste landfilling processes, ~e have still attempted to estimate the!proportion
of CRTs that go to each landfill. Due to a lack o( data, we assumed as a best estimate ~hat the
percent of monitors that are in households are equivalent to the percent of landfilled monitors
that would be disposed of in a solid waste (Subtitle D) landfill and the percent of monitors that
are in busInesses would be disposed of in a hazardous'waste (subtitle C) landfill. As presented in
the Use Stage discussion in the main body of this report (Section 2.4;1.2), 35% of monitors are in
households and 65% are in office and other environments. Therefore, of the 71% of monitors
assumed to going to landfills, 25% are assumed t~ be sent to solid waste landfills and ~6% to
hazardous waste landfills. To summarize, the EOL dispositions assumed for the CRTiare as
follows:

• Incineration: 15%
• Recycling: 11%
• Remanufacturing: 3%
• Hazardous waste landfill: . 46%
• Solid waste landfill: 25%

2.2.1 LCD

Data were even more lacking for the EOrr dispositi<!ns of LCDs. The same 15:% of
municipal solid waste incinerated in the United ~tates was assumed for LCD incinera,ion as it
was for the CRT. An individual in the monitor recycling business estimated that no more than
5% of LCDs are sent to hazardous waste landfill~ and that essentially none are curien~ly beiltlg
recycled (Vorhees 2000). Given this limited dat*, the remaining 80% needed to be sp~it between

I
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solid waste landfilling and remanufacturing. Given no other data, we assumed half of the
remaining 80% goes to solid waste landfills and half to remanufacturing. Assuming that 40% are
remanufactured is likely an overestimate; however, no supporting data were available to modify
this estimate. Therefore, in the baseline analysis of this study, the following percentages have
been used:

• Incineration: 15%
• Recycling: 15%
• Remanufacturing: 15%
• Hazardous waste landfill: 5%
• Solid waste landfill: 50%

Se~sitivity analyses have been conducted to determine the effects' of these assumptions on
the results and are discussed in Chapters 2 (LCI) and 3 (LClA) of the main report.

2.2 Assumptions

In developing the EOL model for CRT and LCD monitors, it wa& necessary to make several
assumptions. In addition to the percent distributions presented above, the following assumptions
apply to the EOL data:

• Reuse and.resale are not included in the EOL sCenarios modeled as these events are
considered to occur within the originally intended useful life of the monitor.

• The monitors currently in storage are not considered to have reached EOL yet and have,
therefore, been excluded from the EOL modeL Moreover, they are assumed not to have
environmental impacts while in storage, and maintenance of storage space is assumed to
the beyond the scope of this study.

• Only waste-to-energy incineration is modeled because then: is very limited straight
incineration (without energy recovery) being done in the U.S. at present. In fact, the 1996
total U.S. WTE design capacity was 100,355 tons per day, with 110 WTE facilities in .
operation. In contrast, the capacity for incineration without energy recovery was only
2,451 tons per day, with a total of 19 facilities in operation. In general, WTE has become
the prevalent method for MSW combustion since the 1980s (EPA 1998).

1-7
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ur DESIGN FOR TIlE ENVIRONMENT COMPUTER DISPLAY PROJECT
Life-Cycle Inventory (LCI) Data Collection Questionnaire for the End-of-Life Stage

Introduction
The Design for the Environmenl (OrE) Program in the U.S. Environmental Protection Agency's (EPA) Office of Pollution Prevention and Toxics has
begun a voluntary, cooperative project with the electronics industry to assess tlie life-cycle environmental impacts of cathode ray tube (CRT) and liquid
crystal display (LCD) desktop mOliitors. The DIE Program conducts comparative analyses of alternative products or processes to provide businesses
with data to make environmentally infonlled choices about product or process'improvements. The DIE Program has no regulatory or enforcement
agenda and was established to act as a partner with industry 10 promote pollution prevention. This environmental life-cycle assessment will address
human and ecological risk, energy and natural resource use, performance, and cost of various display technologies. The University of Tennessee (UT)
Center for CI~an Products and Clean i'echnologies is conducting the life-cycle inventory (LCI), which is the data collection phase of a life-cycle
as'sessment, with technical assistance froin Microelectronics and Computer Technology Corporation, the Electronics Industry Alliance, and other

partners.

Boundaries
A life-cycle assessment considers impacts from materials acquisition, material manufacturing, product manufacturing, use, and final disposition of a
product. The LCI data are intelided to be used to evaluate relative environmental impacts over the entire life-cycle of a product, including transport
between life-cycle stages. [n this project, the product is either a color CRT or LCD 1I10nitiJ:r. Therefore, data asso~iatedwith the materials and
processes used directly in the manufacturing, lise, and disposition of the product nre relevant to the LCI and requested in this questionnaire. Please
include only materials or energy directly used in the disassembly, remanufacturing, recycling, or disposal of the monitor or its components (e.g., do I/ot
il/clude general building healing and air conditioning).

EOL Dala Collection Form - p. i

Pig. I. Bnd-<lf-Lifo proCM8 inventory coneepluRltemplatr

INPUTS:, OUTPUTS:

Primary matarlals~B ~ Products
~ All' emissions

Anclllsry matarlals~ , Process
" ~ Releasll9 to land

Utilities~ . '~ Water effluent

Inventory data
We are asking you for data on CRT and LCD desktop monitors that you either
remanufacture, or disassemble and recover, reuse, or recycle components and
m'aterials frollt. The inputs and outputs data (Fig. [) that you provide will be aggregated in the LClto quantify the overall inputs and outputs of a CRT
and LCD. Additionally, transportation information is req'uested in the inventory.

Product focus
This project focuses on 17" CRT and 15" LCD desktop monitors. We will
appreciate your providing data specifically on these sizes, to the extent
~~k '. .



Data sourCell
Much of the requested information can be drawn from existing sources, including, but notlimiled to the following:

1. Purchase and production records
2. Bills and invoices
3. Material Safety Data Sheets (MSDS)
4. Toxic Release Inventory (TRI) forms

5. Audit and analysis resu/ls {e.g., wastewater discharge annlyses)
6. Local, state, and federal reporting forms (e.g., hazardous waste rilanifests)
7. Local, state, and federal permits
8. Monthly utility billing records

How the data will be used
UT will collect inventory data and tally the inputs and outputs for the different monilors. Information gathered by these questionnaires will be used to
develop environmental profiles based on inputs and outputs for each stage in the life cycle of displays. The profiles will be used to evaluate
environmental impacts from each product. Cost dala will also be collected and presented along with environmental results. The environmental profiles

. can be used to encourage product design changes for product improvement. UT will aggregate data and ensure that data associated with partiCUlar
companies remain anonymous to the EPA. UT can enter into confidentiality agreements where proprietary data are concerned. Please understand that
accurate and representative information from you is critical for the success of this project.

Results 0 f project
The results are intended to provide industry with an analysis of the life-cycle environmental impncts, cost, and performance of CRT a;ld LCD computer
monitors. Results will help identify areas for product and process improvement as related to risk nnd environmental impact (e.g., identifying material
use inefficiencies) and will identify impacts from various life-cycle stages of the product systems. Use of the results will also help meet growing global
demands 'of extendeCl product responsibility.

Denefits ofinvolvement
Your input will allow for your interests to be considered in the project development and data collection. Dy supplying data, the results will partially
reflect your operations and, therefore, the results will he directly relevant to your interests. The project will allow you to directly app'ly results to your
own processes and identify areas for improvemeut. You will also be recognized as working voluntarily and cooperatively with the U.S. EPA.

Deadline
Please complete this form and return it to us at the address below by September 30,1999. If this is not possible,please contact Maria Leet Socolofat
423-974-9526 or at the addresses below to discuss alternative dates.

YOllr cooperation al/([ assistance are greatly appreciated.

For allY questions, please contact Maria Leet Socolo[at 423-974-9526, <socolofilll@utk.edu> or Rajive Dhillgra at 423-974-8752,
<rdhingra@lItk.edll> at the University oj Tennessee, 311 COllferellce Celller Bldg., Knoxville, TN 3 7996-4134.

For 1Il0re project details, see the Project Fact Sheet, DfE Website <hllp:/lwww.epa.gol./opptintrldje/col1lpdisplcol1lpdisp.htl1l/>. or the
Draft Final Goal Deftll itio/l allli Scopillg Document.

EOL Dala ColicclibJl Form - p. ii



INSTRUCTIONS

I. Please be Sure 10 read the introduclory text on each page before filling out the questionnaire.

2. The data you supply in Ihe lables should represent inputs and outpuls associated only wilh Ihe "produ" oflnleresl" (i.e., malerlals, componenls or
subassemblies lhal are either part of, or thaI are IIself,lhe desklop monllor as defined on p.1 under Produel focus). Ifquantities provided are not
specific-to the ·produci ofinlerest," please explain how they dilTer in the comments section at the bottom of the appropriale loble. - ,

3. Where supporting information is available as indcpendent documenls. repons or calculalions, please provide them as attachments wilh reference to the associaled
page(s) or table(s) in tltis questionnaire.

4. Ifyou have more than onc product orinterest to ihis project, please duplicale Ihis queslionnaire and fill oul one questionnaire for each producl.

5. Iftltere is not adequate room on a page 10 supply your data (including commenls), please copy the appropriate page altd atlach it 10 Ihis packel.

6. The ensuing pages refer 10 Ihe four indices shown below to delail specific infomlalion aboul the dala. Additional infonnalion is provided bclow as required.
Dala Ouality Indicalors Index: These indicalors will be used 10 assess the level ofdata quality in Ihis queslionnaire. Please report a DQI for Ihe numerical value
requested in each table on the following pages. The first calegory, Measured, pertains 10 a value thaI is a directly measured quanlily. The second category,
Calculaled, refers to a value that required one 0, more calculalions 10 oblain. The third catcgory, Eslimaled, refers to a value Ihat required a knowledgable employee's
professional judgement to eslimate. lastlY,lhe fourth category, Assumed, should be used only when a number had to be guessed.
Hazardous and Nonhazardous Waste Mana.ement Methods Index: These methods are applicable 10 both hazardous and nonhazardous wasles (Tables Sa and 8b).
Please give Ihe appropriate abbreviolion in the Managemenl Method column on p. S where requesled. Depending on whether the managemenl melhod is on or olTsite,
please indicale by specifying ·on" or "ofl" in Ihe appropriale column on p. S.

For Tables 2, 3a, 3b, 4, 5, Sa, and Sb:
Transportation Modes Index

A - Large truck (IS-wheeler), diesel
B - Small truck, diesel
C - Small truck, gasoline
I) - Rail, diesel
E - narge, dlescl.
F - Ocean freighter, diesel
G - Olher (please specify in commenls section)

For Table 7b:
Waslewater Treatmenllll;sposall\lclhods Index

A - Direcl discharge 10 surface water
B - Discharge to orrsitc wastewater treatment facilit)'
C - Underground injeclion
D • Surface impoundment (e.g., setlling pond)
E - Direcl discharge 10 land
F - Other (please specify in comments section)

For Tnbles 3a, 3b, 4, 5, 6, 7a, Sa and Sb:
Dala Qualily Indlcalors Index

M -Measured
C - Calculated
E - Eslimated
A - Assumed

For Tables So and Sb:
Hazardous and Nonhazardous Wasle Managemenl Methods Index

RU - Reused
It • Recycled
L -landlilled
Iv - Incinerated - volume reduction
Ie -Incineraled - energy conversion
S - Solidiliedlslabilized
J) - Deep well injected
o -Olher (please specify in comments section)

IF yOU IIAVE QUESTIONS, PLEASE CONTACT EITHER:

Moria L. Socolof(Project Mannger); I'hone: 423·974·9526

Email; socolofml@Utk.edu
OR Rnjive Dhingra (Projecl Engineer): Phone: 423·974·8752

Email: rdhingra@utk.edu
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I. FACILITY & CONTACT INFORMATION

Table J. FAcility Information Contnct Infor/lllation

I. Company name: Sa. Prepared by: Dille:

2. Facility name: Sb. Tille:

3 Facility address (Iocntion): Sc. Phone number: Exl.:-----
Sd. 'Fax number:

Se. Emnil address:-----.

-_.

4. Producls handled onsite: ----._ .._-_..-_._-_.---,---'-_._-----.-------

- ..~-

/
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2. PROUUCI' OF INTEREST INFOIlJlfATION

Table 2.

I. Product orinteresl:
~End.~f.L1fe CRTILCU desktop monilor

2. No. of monitors processed annually

(e.g., unilS, kg, Ibs):
,..----

3. Faeility's percenl global market
·share for handling producl nf inlcrest: --------_.-.

4. Product 0 f inlerest
unil weight: ..~ ---~-_ ..---_.._----_ ..-

.S. Drief description of the main operations/subproceSses

required 10 process the product of inlerest:

____• __4~________•• _... .. -._---------------_.

6. Producllransport Inf\mnatlon. In Ihis lable, please nsl the lop nve location. (by qnantity) from where you receive tile producl orlmerest. See Transportallon Modes Index.on p. iii for

modes' abbreviations. Percenl capacity represents what percenl of the transJXlrt vehieie's lotalload was canying Ihe producls ofinleresl

Localion (City, State) Mode Number of trips annually Percenl capacity

I)

2)

3)

4)

S)

,

EOL Dala Colleclion Form .. p.2



3. I'RJIIIARV & ANCILLARV fNI'UTS

I. Primary &; Andll"y Malerjab' Primory molerl.,s I,r. ~.line~ ISlhose mll",rals 111~I,,"om. Plrt of. p,odllCI oulpuL Ancillary m.,I",lol,",.lh... m.,,,,i,.,1 iopuls UlIt ...tst in a I"O<css,
yet do nol ""om. pill of III' IiMI protlKL I'lcue Illclutl.lhe IrId. narn.1ll<I1kc geJ>erlc Mm. ofeach mal.rI.' wh.re Ippl,iCllbl•.

2. CAS' Of MSOS: Plcue Includ••ilher the CAS (a,""'ical Abst,"ct S.rvice) nurn,,", of.ach maledll (fill In th. bl.nk with 111. number), 0"1.1. 'MSDS' .nd .ppend • copy 10 Ihlsdocumenl.
J. AnOl1l1 ~,I,.'nHly/llnil. '" Den,lly/llnjl.: Pi.... spcdlY II•• "",ounl ofm.rerialconsum.d .nnuaUy. Pl••se u•• lh. unlls ofm...·per.y.... (.,g., kglyt,lbIyr). Ifyou speelfy unH. orvolum.

inl/au ofm..s, p,lease provid.lIt. densily.
4, Pill qYllily !ndl"l!lIl!~ S•• lh. Detl Qu.llly Indie.'lors In~cx on p. Hi fot abbr.vlotions. Pi.... supplyfh. DQI forth. onlllla'quantity va"u. glv.n.
S. Recycled .g,nlen!: PI.... sp.eify lite recycled conlenl ofcach mol.r;.' Idenllli.d. For cxal11plo, 60/4010 would ,epresent. ml,l",i.llh.1 has 60'/0 virgin m.le,rol, 40% pr..consumer

reeyel,ed and 0% po.t.con.um.r recycled conlenl. Enl.r NIA (nolapplicabl.) for all camponenls thaI or. assemblies.
6. Tn!nsportollon infoOD,sHon: S•• lh. Tran.port.Hon Modes Ind•• on p. in for mode abb'evlaHons. Plcase sp.cilY wher.lh. male,I.,1 is coming from (I,ocollon) .nd Ih. nllmbe, orlrlps mad.

'0 your faelllly on an • nnusl basi•• % capaclly repres.nls wh.1 perc.nt ofthelr.nsport v.hicl.'s lolal'aad was carrying Ihe mol.ri.l. ofinl"'est.

TableJa.

PrlmRry MRterlal,'

CASH

or MSIIs'

AnnUli

Quanlill

Unlls nenslll Unll. nQI Recycled

ConlentS

,__!~!~p'~l'llo~~~rm.lion(RecelvlagJ'

Locan.n Mode HIrlps % cop.

I.

2.

3.

4.

s.

'---- -·1---1-----1'---1-::---1--

-----·1-----
--I----I------j-----

---- --1----1------1--,1---/---1
_6+.-'-- 1 1 1- 1 1--- _.I I. --1__~--+-~1

7.

PrimarY -rna-Ieria) Cowmen Is: -

Tabl.3b.

Ancillary l\blerla" ,

J.

CASH

or MSIIS'

Annual

QUR.till

I1nl.. nen,lll Unll! IIQI necycled

Content!

Tran,porlollonlnrormallon (ReceivIng)'

Location Mode HITlps % cap.

2. 1---1-----1-----
--- -- -1---1-----1--

..:3~·1 ,,_,, _

4., 1 1 1 1 ---

S.

--:6~·1 1 1 1_---1.--- - __ --

7.

AndUarv material comments:

EO~Dala Colleclion Fonn . p. 3
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4. UTII.ITY INPIITS

I. Annyal quanljly/llniIS: Plo.so spodfy Iho amllllni of o.ch IItility oonsllmed ,"n"nlly. If possihlo, plo.,o oxcillde nOllprocess·rel.ted consumption. If not possible, please include

a tommenllhol nonprocc!'s-rclillcd Cotil"ulnplion i:" includcll: I'

2, Data quality jll~ See the ni'ta C}utllily Indicator!> IIH..Icx nit p. iii for ahhrcvhttions. Plca!'c supply the OQI for th~ nnuual qrtmrtity vnlue given.

1 1.l.wumu..t.alion ;nrormaUQ!J; See the Trol1!t(lmtntion Modes Index on J1 iii for mode ubbreviRliuns. PleRse :;peciry where the ruel is coming [roln (I..ocnlion) Dlld the number ortriflS made
10 ),our [ndlily on an annu;tl hasis. I'erccnt capacity represents whnt percent oflhe transport vehicle's total/aad was cBr~yil1g Ihe fuel of inIerest.

~. IndiYi<!lJal tJliljly Nolcs:
Eleeli/cll)':
The qunnlil)' of electricily slmuld reneel only Ihal used lowilrd manu[aclur.inglhe product.ofintercst (identified on p. 2). One Rpproach would be to slRrt wilh your f~cilit)"5totat Annual
clcctricnl cnergy consumption, estimRtc nnd remove nonprocess-rclaled consumption,thcn el"timnle wlmt pOltion oHhe renmining consumption is relnted to the specinc orerations

.of interest (if you mnnllfacl~ue more limn olle product). PleRse include conslllnp1ion in all systems Ihar us~ eltcb.icily for process-rel"ted purposes. Some eXRmples include c:olnptcssed
air. chilled water, water deionization Bnd IIVAC consumption wherc clean or controlled environments nrc utiliz.ed.
NRturAI gas R nd L.NG:
Please exclude all use for 5pD.Ce hcaling or other nOl1process-rcla~cd uses. Ifyoll choose to use unils other thon MeF (thouSDnd cubic feet), pleasc uliliz.e only units of energy

(ontent or volume (e g. mm13TU. lhenn, CCF).

fudol":
Please use units of either volume or energy content (e.g, liters. cubic melc.s, InmIJTU. MJ). Additionally. if the fuel oil is delivcred liy piflclinc, enter "pireline" In lhe Transpollnlion
Information sp~ce~ ifnol delivcred by 'pipellnc, please include the associated lra115porlalion information. .
All wale.. (e.g., dolonl.od, rll)'):

Please include all \Valers received onsile ror process-relolcd uses. Please indicate COIISUlllplionln units 9fmilss or VOltII1lC.

1 ---l_M_J---- ---

Iilcrs
1=-=----1--· ----------1·

• .••_ •• • I~M.::C::f 1

--------. --1-·---1

I-~------------1-'----1----1

IlQI'UnII,

MCf

liters

. lilers

Annual

Qunnllll,1UtillUcs'

J. E10clricity

2. Nalur.1 g., -'-
..2: Llquified nalll,nl.!", (LNG~ ••_ ••••.__•

~ Fuel oil-type N2 (includos distillale aud diosel)

~ Fuel oil - type N4

6. fuel oil • Iype N6 (include, residual)

Table 4.

1. Olhor pctroleul)l·based fuol

8. Walor

lilo"

Iilers

9.
1 1

+_--
IO·j ~ I--------_1----1

lJ.l .:...- I------~--I----1

12,j ~ I_~ I--~--1

13.

lltilily comments:
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5. rRODtlCT OUTPUTS

I. Produd Quinn'!!: Produt! oulpuls arc denned as useable produels. ma,terlab. eomponenls or sub.assemblles.
2. CAS Hor MSDS (jrep,pUgblel: PI..,e i'ntlude either Ihe CAS (Chemical Abslrat! Servi<e) numberore.tlt moleriDI (nil in tile blank wilh Ihe number). or stale "MSDS" and a,ppend

atopy 10 (his document
3. Annuol glliD'!lJY/unj!, &: DensitY/un I,,: Ple.se speciry tlte D,nounl ormaterla,1 produced annually. Please usc Ihe unils orm.ss·per-year(e.g.• kglyr.lblyr). Iryou speciry unils or volume

in lieu orma", please provide Ihe densHy.
4. Dnlo gualHy indlea'ig [$: Seelhe Dala QualHy Indltalors ludex on p. iii ror abbrevlalions. PI..,e supply Ihe DQI ror Ihe 011I11I01 qltolll/ly value given.
S. Recycled eonlenllj[kngwn): Please speelry lhe reeycled eontenl oreaeh malerial idenlined. For example, 60/40/0 would represent a malerlallhal has 60% virgin ma,terial, 40'10 pre-eonsumer

recycled and 0'10 posl-eonsumer retycled tonlent Enler H/A (nolopplitable) ror all componenls Ihalare assemblies.
6. Tr,nsPQrlaHgn inrormadpn: Sec the Trnnsportalion Mod.. Index on p.m rQr mQde abbrevialiQns. Please speciry where Ihe malerial is being sen,! (localion) and Ihe number o(lrips made

on an annual basis. % capaci'ly represents what percent ofthc 1r."SpO'n vehicle's (o'ini/Dad was carrying lhe materials of inIerest.

Table 5.

Produd OUlpnts'

CASH

or IIfSDS'

AnniU11

Quantity'

Units Density' Unit. llQI n..yded

Con,en,S

Tr~n.port.tlo. I.rormatlon (Shlpp,lng)'

Loe.tl~n Mod e Htrip. % cap•

~
- ,-

N=

I
I

..,:1+.--------------1----1-----1--- ------ __1 11 -/-_-/-__+__ 1

2.

3.

---,I- --I-----I------I--~--_If_--I

.::..6.:1 1 11 ~,--' ---I--"'. --1----1------1--1- -_.
7.

Product pulput commen!s:
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G. Am E1\IISSl0NS

t. Ajr emissjons: The emissions listed in the table below are some ofthe "lOre commaI' ones: round in air release inventories; if you have informnlion on other specific entissions, please

includ. thaI information in the space provided. Ilj'oU have any r.cent reporting fomlS or oU,er air ellli55iori records,_plense aUach copi.slo this qu.stionnair•. Also, ilyou have infonn.lion
on stack' as well as fugitivo'"emissions. please copy thi, page and place each ,el of emissions on a differenl p~ge. The energy consnmed in any equipmenl used ollSile 10 Ireal air emissions
should be included in th. utilities valnes on p. 4.
SlaCK emissions· are releases to ai~. that OCCur through confined air streams, such as stacks, vents, ducts, or pipes.
Fugitil'e emi.u;om· are all releases to air thai are not released through Reonnned air. stream. fugiHYe emissions include equipment leaks, evaporative (osses from surface
impoundments and spills,.and r.leas.s from building venlilation syslell1s.

2. Annua! guanlilylunils: Pleas. sp.cify Ih. amounl of air emi"lons generated annually. Please use unils ofma...·per·y.ar (•.g., kg/yr, Ib/yr).
3. Uala oualily indicators: Sec the Uata Qualily Indieators Ind.x on p. Iii for abbrevialions. Pleas. supply th. UQI for Ihe allllllal qlta1rt/ly value glv.n.

Tabl.6.

Air Emissions·

Tala' particulates

Particulat.s < 10 microns (PM-10)

Sulfur oxides (SOx)

Nilrogen oxid.s (NOx)

CAS

numher

Annual Unlls DQI

Quanllty'

Table 6 (continu.d).

Air Emissions·

Ammonia

Arsenic

Chromiunl

Copp.r

CAS

numbrr

7664-41-7

7440-38-2

7440-47-3

7440-50-8

Annual Units DQI

Qnantill

Methan.

Carbon monoxide 630-08-0-----_.- ----- ------ --
Carbon dio~ld. 124-38-9
1-------',------,- -.---- -----

74-82-8

Lead

Mangan.se

Mercury

7439-92-1

7439·96-5

7439-98-7

D~nzene

Toluene

71-H-2---- '--.-'- --
108-88-3

Nlck.l

Olher emissions:

7440-02-1)

I ""~ ...•: .': .. : :~:."~.\.O'~~,'
Xyl.nes ' 1330-20-7

I'N.:..a"'p.:..ht'-'h.:..al.:...n.:..e ~ __9_1._2~_

TOlal nonrnethane VOC:.;sc.... _

Other speciated hydrocarbon .mlsslons:

I.

2.

--,-----

I.

2.

3:
4.

5.

6.

3.

4.

5.

6.

7.

-----------1----1----- .- 7.

8.

Air emission comments:

8.

9.

10.

EOL Oat.! concetion FOh'lt • p. 6



7. WASTEWATER RELEASES &< CONSTITUENTS

I. Anwl! guantllyh'n!J.; 1'1e:u••,po";fy Ih. l,mOODI ofwI.t.""ler(.)g.nerated Innoilly. Neue U>e units ofml$Sopcr-ycar (O"g,. ksfY',I'blyr). Ifmuillipl. st,.om. exist. pl.as. eopy 111.1.
poge ond fi.1,llloulforoachslro.om,

2. Dilaqw!ky jrnlialgrs: S... !h. Do~Qualily Indicators Index on 1', iii forabbr.vialia.s. pre... ifl(:ludeone DQI for Ihe annual WIlSleWlller lIrel1lll quanlily value supplied. ond one DQI
ror I'h. w..lewat.r eonsliluc.ls InformoUon ouppll.d. Ifmore Ihan ODe IJQI is applicobl.lo Ih. wI.I.WllI.r eo".U!uo'n'ls dolll. 1'1..... clOllfy Ihb In lb. commenls.ctlon.

3. Waltewo'lcccODll!lu.nl': I'lelSe Icl us knowwhallypo ofn,lues you 81e .upplylng (.,g,. doily mldmum•• "'onlhly ay.rlg... aDnuaIIYl!rogCS), AddiUonsUy, Ifyou hBY. ony r.cenl
ro'porting forms or "Iher woslewa,lcr eonsHlu.n,1 records. plOBs. oll.ch Ihem 10 Ihls qu..tionnaire. ThO, .n.rgy co.sumed in ony equlpmenl ....d onsH.lo Irea'! ,nstcwoler
rei..... should be Induded In the uUlilles volu.s on p. 4.

4. Concenlralion/unils: PleBSC specilY the eoncenlralion of,nslcwaler eonstiluenls gentrBted Innuolly. Plme uliliu the unils ofm.....per-volume (c g•• mgllller,lb/gol).
5. Wallewa'.r IrglmenVdi'09SDI 'WW TID) m.lhod: See lhe Woslcwoler TrOBlmenODi>posal M.lhodslrfdeK on p. iii for melhod BbblevioUons.

Tlble71:

WlSlewaler Sirum

Annual

Quanlill

UnUs DQI ror WlSlewal.r Ann.ol Qua nUtl DQI for Waslewal.r

Conslll.enl,'

Dissolv.d solids1=.:::::..::..:.:..:.:.c== 1' . '__

Table7b.

Wul.woler ConsUI••nl,'

CAS
number

Concen..
tratlon·

Units WWTm
M.thod

•
Table 6b (conlinu.d).

\VlsleWRfer Consfilutllis'

Mercury

CAS
number

7439-98-7

Concen
IraUoa4

UnUs WWT/D
Method

s

_._••_._~- ~-~ ~ --- - -= ~ - -.

------ ---"
7727-37-9

-7440:-6'6--6

7440-31-5

._._~~. ~_.-.-------_. ----_.-lead 7439-92-1

Zinc

Nitrog.n

Tin

Chemical Oxyg.n Dem.nd (COD)

SUlp.nded solids

Biological O~ygcn O.mand(BQD)

j:O:.i::I.::&:..:g:;r.::=::.:.c I 1
---- ---- ---

7664-41-7

. " .Jf ,.' . j ;
.h s ..~ .. ~'" ..., ~ • • '4. ". ""'.: ':'. 'i;

1-----1---- _

_.. --_..-._------_._--- --._--- ---- --- ---

1.1 .
1
_-,- 1 -1- 1

2.1__--' 1-----1---_1

3., ~I-----I-----I---_1
4.

1 1
5.

Ferreuss.lralc 7720-78-7

Pesticides

Olher constituents:

7664-93-9

7723-14-0
------ .._-- ---

~hosphorus

Cy.nid.

Fluorid..

Sulfates

---- ---- ----

lIydrochloric .cid 7647-01-0
12 ...:..:....:..:.:.:..:... 1------ ... _ .._------
Sulfuric .cid

"P..:.h..:.o"'Sp"hc..•.:..:I...:.... I·
1
"--_. ----

Chloride
6.

WesleWil1ercnmmcnls'." _._-_..::...-_-----_.- ..

. "'----------_....._-----.-

Chromium 7440-47-3

lren . 7139,8,9:.6

Aluminum 7429-96.5

Nickel 7440-02.0

!lOt Ua.fa CuHcction ttlJ1tn . p.7



8. HAZARDOUS & NONHAZARDOUS WASTES

I. IIazardou, wasles and EPA hazardous wasle numbers: Please list your waste streoms Ihatare considered hazardous by Ihe U.S. EPA. Include the hazardous wasle codes for any

hll7.ardous wasle l'OU include. .
. 2. Annu.1 gu.nlify/unils & Density/unils: Please speciry Ihe .1II0unl of w.ste geuerated .unually. Use unils of mass-per-year (e.g., kg/yr, Ib/yr). Please also provide the density for each waste.

3. Dala gualily indicatgrs: See the Data Qualily Indicators Index on p. iii for abbreviations. Please supply the DQI for Ihe allnual qllallllly value given.
4. Management method: See tile Man.gement Methods Index on p. Iii for abbrevl.tions. If none are applicable, please indic.te oilIer and use the comments section to expound.
S. Transportation information: See the Transportation Modes ludex on p. iii for abbreviations. Please specify where the wasle is sent (location) and the number oftrips made frolll your facility

on an annual basis. % capacity represents what rercent ofthe transport vehicle's total land was carrying Ihe waste of illterest.

Table 8•. EPA IIA... Annu.1 Unll. I>ensitl Units I>QI Mgmt. On or TransportAtion Informntlon (Shlpping)s

IIA"A,dous ",..tes I Waste/l' QUAntity'
,

method' oITslle? LocAlIon Mode /llrlps "Iocnp.

M
.' . , off . }ndlanoPdI~. iN " .',4 '24'EXAMPLE: Spell/lolvenl (/oluene) Faa' 20,000 kglyr 0.9 ~ Ie 40

I.

2. ._---- - - ._------ -- ._--
3.- -------
4;

.,
.. ---- - -.----

s. ------ .----
6. --
7.

8.

HazardQus wasle CQwmenls:

Tnble8b. Annunl Unlls I>ensity' UnII. I>QI Mgml. Onor TransportAUon InformnUon (Shlpping)s

Nonh.,.nrdous WAItes QIlAntlly'
,.

method' oITsllt? Lo<:nllon Mode /I trips % CAp.

eXAMPLE: Waste ';"/01 chlpl 21,000 kgl)'T 1,000 kglmJ. C R off ; '. t s~~il;daIJ.1Z.'·· ".J :~: :~'1 ,~. "/00--_._--- -- ---
I.

2.

3. - -- ---
4.

S. .-------
6.

7.

NonhazardQus waste comments: ,

EOt 0'18 Collection Fonn • p. 8
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Potassium Carbonate
, .V ~'~: ,::," ._~:> : " '-:f-k.. . ::",' , ' :::
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PPE
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Table J-2. CRT ancillary materials (kg/functional unit)

Sulfur 3.28e-03 0 0 0 3.28e-03 1.66e-04

:S9W~(sj,i~,gt;oti~aL';;<' "·;':X .';.:: '< >,:,'~,:ii~;g~l;; ° :. ,~ ",: 'do',' , :i<:~~.~:~·,,~,._,o ,.j) ,:,L., ~_~..~1'9.~.- '. ,,~ ..l.~e~~:.~.~ ..~~~,:= .H'~
Sulfuric acid 0 2.38e-01 0 0 2.38e-01 1.20%

fS9!f\Jrc,a~J4~:al~nUIli,~g,I~ ., ".'.;~(L ,~6~~:Q2'.(C~2'O:::L~Ql.;2",I§~,L,~~Q2~,~:;~,12i]:i$A1>I;2,::}3I2!<IT=Iid;~

,~~~;~~~~f~,;kjiti~ .,. " ·:;,!:;:;C/);:i/~:":;:.;:;,1i~.;;~;,,3''IC7,,;,·::~;.,.;[;S2'I=)~~~;i,:C:-I:~j,i~~2~::;'7Jl;;iilf:~~~
Talcum (ore) , 8.8ge-Q3 0 0 0 8.8ge-03 4.4ge-04

Toluene 0 4.80e-Q3 0 0 4.80e-03 2.42e-04

N~~~lti~'91rr{i~¢s~"~t~~~Y, ::;:.",~ ·,::2Ln7;i,;:;.:":",J;~:Q:: ;'7::H;'!fi;;Q~'~7'2.?'E:",;,~::Q':~i:,i:/L~,:L~;~,;':,',~,'x;2'§:17~{9~.zK;:B~:L£i;l;&1~@
Uranium(U,ore) 0 0 0 4. 16e-08 4.16e-08 2.10e-09

:~;iff~~?~~j':'~C;';iL?:; .i7Q~£Qi: ·":~=,"::5L:'::~,;,,, .':,,;, .~;: :;;P:, '0" • '::.': ?': ::'<)..•. ~,;,:';: :~:h7~~&~:':G;t}']IS\fl,~fQ]
Xylene (mixed isomers) 0 4.80e-04 0 0 4.80e-04 2.42e-OS
;;ii~1~@:)Q~)'::;;~1:"">" ~~:';r"" ,'}"':::, .E",,''''·'';:3.7~~~ot'f,'ro:;Y.';',,'';''~,t?.o7'~'~i~r<'';~B"'~;"";:'::,,"C(,O, ,'" "I:W~~61;/" 'l,:~;',E'J]i~:(jY~

Total ancillary materials 2.l1e+00 3.S4e+00 3.47e+00 1.07e+01 1.98e+01 100.00% .

J-5
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2.08e+04!

'"",;

-2.73e+Ol

-1.28e+022.2ge+03

1.14e+03

I

Table J-3. ·CRT utility inputs

Water S.S4e+02 1.14e+04

iJ-6



Table J·4. CRT air pollutant emissions (kg/functional unit)
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J~8

i
I
I
I
I
I
c

Butene 3,~~e:QL ...._., 0 0 0 3.56e-07 5.37e-IO

Cll!imium .. 6:6!Y.e.:06.•.· .·iQ;ie;9_~.,··;;'·;,·1[~.~~~0§;ij:EL~~§Ji~J)~/!j:::~:"~:~C'l~i~lT!:'.~"E~::~~~~2f~
Calcium 3.0Ie-04 1.72e-05 0 -7.5Ie-08 3.18e-04 4.80e-07

Calbon .. '~.64e~07 ", .'. 9' ,.:::.,~.:·.,i: ..~·.::~.':.{,iL~Lp~J.:L>: ..::'~~;~;Q1;:::d~::;?1·:t;~~lQ:
Carbon dioxide 2.92e+OI 1.7ge+02 4.45e+02 2.5ge+OO 6.55e+02 : 98.68%

~~.~~~fide. . ,.~ :.~.,. Q..~.,.~._J~i.~~~,~;~.,:.iJ~~g~::[}\i3r;i~<;;9i~·f~:;:d;':!;.iHl~j~i~5.::B..21~t0i«.;~~
Carbon monoxide 4.18e-02 4.58e-OI 8.0ge-02 -4.17e-03 5.76e-OI : 8.68e-04

·.(,:~D telracW~ride . ""'~'.~.:.;: •...:~";::.:.:":'.=:."::::':~: ...::':=:~:.:=.·~;:Q~:[';I;Jji;~9.t;:~o:E;0ti~~~:~],:~.:1~~;;~i~~
CPC-13 5.04e-IO 0 0 0 5.04e-IO . 7.58e-13

.ChI9rlde ion.s 3,Q~~~()~. . . ...~~.?}~:q:f' ....··.I§i~:OfL ..:~..~i,~~~!!§:~:: .2!·T::;~~~~~~:~I~:,r2.:::;j:t:tl?E~1m:
Chlorine l.0ge-06 5.84e-09 0 -2.72e-IO 1.10e-06! 1.65e-09

ChI9fOl\cetollhc;nolle.,.9.;. ... . . ..:9...... ,.;",.. "~9~ ...;._.:Ib;il;Q¥::;;:)..:rI.tf,;f£&17~!J::.~tl-'::(&Li7kD~
Chlorobcnzene 0 2.06e-07 1.97e-06 -3.32e-08 2.ISe-06 I 3.23e-09

Gh.i~~ronll .. . .·i~.. :~..:~:·~~i~=Qi ..... ..,··.~i~~~=QKh; ..,i.. ;~j~1~il2::[I.].~i~41[}S~~E;Si~i) Em~~j
Chromium 0 1.3ge-07 0 0 1.3ge-07: 2.0ge-IO

~mi.Il!!!.@t ,· ~_ :~ ~ i7i~:Qi:.~·:.:=~i2i;:9r·.:::·;,,~:~c~-..iiL2·:~ri4.~;;~.>:1;:'r:, <~w~~Qj2I·,~2~~]Cii~f
c:hrolIlill111. (\'1) 7.72e-07 2.15e-05 7.2Ie-06 -2.14e-06 2.74e-05 ; 4.12e-08

:.Q1!F-.c.t1.e . '.'" "~ ..~~"~~-'~·:~~j~~~ ::::!~~i.~;Qf.=~.= ..iQ~-;:6iL~.'l~~~$i;JQ:'(E.:.~ ..:·~l~fl.~Q;~~5li:;S::BE};lL~~:tL
Cobalt l.Ole-06 3.92e-06 1.22e-OS -2.01e-07 1.6ge-05 . 2.54e-08

CQIlpcr ..... ~~•.~·:~.-"'·····--"--:~~7.1~;Qi,·.::~:.=i2!;-~,=::=.~:~~~~:91 ..:.~:".~·ti¥4~~Qi:t. ..;:;:.;:j{~~Q~:~Iil~ :li:z;r~
Cumcne 0 4.35e-08 4.75e-07 -7.9ge-09 5.lle-07· 7.6ge-IO
9!t..mcll:~J~y..c\rl)IJllro..xld,e. . . ·.._·~·i~;;()~ :.·.:§.Q§~-9f.:· ·..·~.7~~· ··j).2E";,·:'L'E~·:.9;';i:.~:;.;~,;~~Q6liiii=:2~:,:2lli{i;j~~m=.m
~~nide (-1) 1}~e:O?... 2.34e-05 2.24e-04 -3.77e-06 2.44e-04 3.67e-07

·.~(?~~U1YIll~xyl)ph~Jl!t~.. . ............ .... ···.. =6.~~3..e,:()~ .. ·~~1~~;~[.:;;.:~· ..:~TIQ~~q:E;·~.NA;:1;;iiJ~91;~~;~;;~~i;~ J:i~;r.t?&~~]7
D!bcnzo[a.hlanthE!5=~ne. ... 6.7Ie-IO 8.74e-IO -2.82e-12 1.54e-09· 2.32e-12

.PJ.~~t~l)e~tle (IlliJt~..i~.9!!1.~r.s1 c._.__< ,... -·"·.:·.'.:::.~:.2c=:~c.:·:.·.:=K~:;:~J~3.i~~:g~::;c.L5::.?J~~~:~;~lli;~;L2,=f.;~::;,21~~1~:
Di~h~~flll,?~.~~q!:me 8.02e-IO 0 0 0 8.02e-IO r 1.21e-12

P~JlJ~lll~!!tJ1t1~._._ Co ._ _:•••• c:..~..::::.::~:::..:~=:::·:~Q::·:· =iii:;~~.·:·.: ::.:.c:i.;§QfQ~:;L:=:;Jj[~:'Q72.~.:;;;'}'i.;:.,~~§~;Qsi;z !If;Z:~IZ~j~~iQ§!

~~;~:~:"::1~~:~""'~_~·.:"~==":"""=·=·::""=·=·'-":~ ..:... : 1~~~~~f..'?....·:·.;i,¥iii,3:;~~11~;,QbB,,·!;,2iJ1t1ii~~t:;r;.1!ffg1l~i
pimcthylben~~ceI!e._ _, ... "",,:.Q.... 3.82e-09 0 -3.3ge-ll 3.7ge-09 5.70e-12

P!1?~j!l!•.!c.~~llg ..ll~sP.Cc.!~t~ ...... _............ . ~}2~:J.2.. . ....ifi;~19', ..:':'_ti4;'~E;"=,::;"::iIi;~iQ;tfE,:·:::0~1j"~~J:~.Q:;±ElI'X;~rxIf~~':t~~
BUtane S.5ge-04 7.90e-04 -6.97e-06 1.34e-03 2.02e-06

~~~pJ. ~ ,,~> '-~-'Y~~=~:Ii~~~Q7, '__ :~~~~~j.,'_.~~.'~.'Q~~~.~~~~,. ~-~:,~:_~>~:';.::Q~ '~;~~.~~~-.~;;~~~~~·:":~LjQ:!;;~:\;}r:~;1;f~i7g~1Itt1~£/~~;~;&~~~~~[l~~
BUtanol 9.4ge-06 0 0 0 9.4ge-06: 1.43e-08

..... • • -.. ,', - .~., Co " , :i93e=6r ., .. Co. 3::{;~_Or:·'(·'·~··~6.J'3;6g';· :'/"'~li:t~:06:f"":~-}.::::'7~:~'~.ri1fq'

fg!J:1y'!g)11<?Ci~c:.. : .. e '. .., ..~... _ ......... , ...I).. c.:._.... __.....""" ,... , .... " ,_ ..u... ~...., ., ..~. ..,. ~h_"".=".",......"" "" ,. m~, ..,,~
::~i~:~,~~::::: .•........' ~ ·:~~':;t~~;~~:';~·:.,.. ~·~}~.-Q~'.., .. 8:~:~2-=~:·:·I.:.::!0~~i;r~.;,~?::;,:;T::~~it~~~±ij}HZ;i~:~i
~!J:1y!c;n~~brt:lI!1!~c:. ._ .._ ...- ,_ __._ Q.. v.-!:!~:9L........ l.08e-07 -1.8Ie-09 1.17e-07· 1.76e-IO

!'1.'!~..t!l_~..C; .. , , !L , s..5.~c::9? Iij.;-Q~~:::,:~;:'r!?[~~:Qi...·': ~,:; ·'7:!4~~~~;':~~L,}!i.;~_!~1t![j~iJr

~~;;... ".0> - _. •..: :Ti~~Qi:: .. ·.. j:ri~:~~:: ..:i.:·,;d:~~~~~~~:Z.::: ..;; .. ~}~~~:~~,,:;;:,::y :;::.,i;~1.~1~]D;ff;:):,,;,:0;t}i~ii~
~uoridcs (P-).. ,~.7..o.~.-Q.7, 3.98e-05 0 -3.15e-07 4.0Ie-OS 6.04e-08

~!19!1!1~........... . l!,9...~!O' " ···.·.·'.:;iJ.·.! ·:··.·~;:;:;·: ,9~::'!:'~:L.!~;~>:::O?·:::~:·~i~{tQ~·:62;t~;g!~;.·:~~r;jI~g-
~f!II:\1!dc.hyde _._ 2.,().1~.:().s... }.~.e.-()~. 8.46e-OS -8.83e-06 1.33e-03 2.0Ie-06

:~.IC;Il:Ill~g!J1lSPe.c..i~~ ,............Q......~~p..eD..Q ··.: ..9.::ii~"Ji··'.:.::.i~i~i~J~'>.:: ;..;,;~f9.1'c?;;197\': c;i;':'r~~gm~l~

..:~::~~::=;~~~~~~:.L'.·.= ..~~~·, ...~~::ti.~~j1:;,'.:=,,,==e~~ij'· ..·.:·.:.,L'.::'.:~:2~.:;~·~~~:·;{E~{RV,~;;;f.;;.:: :::1=tji~~:jl~~'fb::."i,'ir;'i;!tii~ :.
HALON-1301 S.8Ie-O? 5.lIe-IO 0 -1.33e-12 5.82e-07 8.76e-10
,f!~fG~~~':'" ." ." .............~:~ ~: .... ~._.··~.i~6.;.~q9.::_., ..,... ,."'",·9·~~I"··::;:;CIt~:;tD·· ..:j;.~~::(9::f:;;;t~:jji~~~iQ?;;;:'itf :':5J;1~m;Ir
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.J-9

Methanol'

~~W~i:c!t!~rrd~:;"_7::':
Methyl ethyl ketone

~i~~iJ;~~f[~J~~;f1L

;i~~~:~~![imi~<

i~I:~~~';>~~::"))_.
Nickel

rNr~~g~~{dJiJ~~~.",.:L,.· .. '"'cCO.·,,,

:~i~~::~~·~~~':;;, , < ..•" ..,::., ,; ,.,.",.

Nonmethane hydrocarbons, remaining
unspeciated

:*~~6~~~' ....:,:
Other organics
~iyleri:~;~ .. ,J

Pentachlorobenzene

·P~~~b~pf1ph~bit:~·.
Pentane

pd.Q~iQe~~~::::,
Perfluoromethane

Ph~nlm,u1re~~ .:.
Phenol

Phbsphp!=iis'(Yellqw or. white) .
Phosphorus pentoxide
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Table J-4. CRT air pollutant emissions (kg/functional unit)
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. ' ,'-;:,:::.;".'.:;::~~r,w;,~'")'
:'._"i--:.: ';' "'~, ·:~;:r.--:' ',:"',', " '-' ~?;:} ~-~, ;~"" ".,'

WASTEWATER STREAMS

~~~t~~~~r:s.~~~:';:'}',:~~;:·:i'~~Jt'ffs~~:~W.TI~iJjl~ftIQ?lit~~:::~:l~jJ:r~~r:!~~~
Wastewater stream treatment 0 9.48e+Ol 0 0 9.48e+Ol 6.24%

Total wastewater streams 1.70e+01 1.51e+03 O.ooe+OO -3.65e+OO 1.52e+03 100.00%
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Table J-5. CRT water outputs (kg/functional unit)
Material

Dissolved solids surface water 5..3Q.e-n i.62e.'!-OO 0 -8.77e-05 3.62e+OO 17.36%

.D.I!;~()lveds()lids ...tre:l~ent 0 .~:01.l:j!~L'i"'" :.,;" .•. ~g ·'.;..;':~::',;<i'·~:::"~;}Z~;gi~fQ;~··:::";:~:::.IJ2i;.§EQ,[
Edelic acid (EDTA) surface water 3.01e-09 '0 0 0 3.01e-09 l.44e-lO

Ethylbenzcnc surface water .6,,!O,e-O} , Q,. ' .. <JL ..~:.Q1,\l~!P:",,~:·'::;·.§7.iif~7.;.Z;;: ..:i;,::_:;7:'?{~~iQ'§I
Fluoride surface water 1.8ge-05 3.45e-03 0 0 3.47e-03 1.66e-Q4

Fluoride treatm\lnt.. . <t .._ ,,~~,;?1.e::o.1 ".L.eiA..:; .. ;::G::'~].~l~·~:.~;:~:;::j;'·~~aJii:ql
Fluorides (P-) surface water 9.63e-05 ?97e-03 0 -7.72e-06 3.06e-03 : 1.46e-04

=~;:::atter (organic) . ;~:.::.:;.:~ .... i~~i~:·i~·rli~·~·I~···'-"·)"~~~:3~;:Ei~:~::L,:'.:..~~~~~i~:.l::?.':;:f~~~f
·g~l!~hto~t1ll11le .~l!ifacl:'Ya~l:r .'. 3..0~t:~n I ..JI",,,~:;.i:·:,:=:·.~·,·:i:i;',:':'~:&.9.~i7~L_~.. :;:~.,:~~;'t.~rI1
HYdnlzine surface water 1.38e-09 0 0 0 1.38e-09 I 6.62e-ll

~yd[~1>ons.re~Di.ngunspeci~ted·.'.~¢ac.e..'Y~i~~·· ·•.'i,ii.~:QL.. .~.?~~~9i:::"~:==~i":;i~~~ii7j'~r\;';~Z:IQ~~~~ai,•.~::~':"~:2:~~l5.~
Hypochll)rite surface water S.26e-09 0 0 S.26e-09 : 2.S2e-1O

~ypochlq~\IS .acid ~U!fac.e \V1I~r.......:5.i§~~:oi '0 0 ,:~<:" .. ;~:,.j2:.:.~I,:T.Jii~~i9~~;;~:2.=22:~m;
Iodide (-1) . surfllce'Yiater 3.23e-06 0 0 0 3.23e-06 ' l.S4e-07

~.. s,U!fllC:l:..Y.'lIter ,.:.=i" ~~93e~91.._, _.,<o,·=i.;~,.~,:,.,::;~iD,;.;.;1;~..~~g].?1~O:nl~'.2~f:l~;m~: ..!Ql:
:I!t>11 (+2 &. +3) surface water 1.76e-,03 3.SSe-07 0 -1.57e-08 1.76e-03 i 8.42e-05

~d.,. . , ......,_ ..~~a£;;~,~~: .. _ ·~.:,~· ~Q:<o:. __!~:9~,· ..:·.~::~:.::,.,~Q~: ..L,;L:£g,:,.."£;:;; E&:.~;Q~::::{'.SE:~:f:,,~~~
Lead treatment 0 l.03e-06 0 0 l.03e-06 ! 4.9Se-08

~~.c.~P'~ , =·= ~~~i;~~~··· ·i~~t::()1 ', ·.. F(?~~9?" ..= :~?:;P9;:::.·~:;X~~9;;§~:·..:Z~L.T~1;~~~ ;Q~:S~~~i~jfl~2i.l91.~
I..eadclllPds treatment 0 1.62e-05 0 0 1.62e-OS ! 7.7Se-07

Li.!ffi!1~.~~I.ts ....:...~.... ·.~~~~:;~!!:.~:".":.: .. j,:.s.il?;:iI.. ·.::·".:·~:::=·".":Q"~ .=:"fXj:§7::·.::~i'~:;:;S;;TF~'~2!li~~;ji:Q:,~;,;[~tJ:i[~ lD5i~!J:

~:~ga~~: (+2):~~;~:::; ... :.: ... ~,~8,e.~Qri ," ....··t~Q~:Q~..·..·:.:·.;- ..:..:·C~;:::::.~:::~~~·:}:-:~:',5: jj~~~~~';!E .:~ ::.~, t~;;~t:
Manganese cmpds surface water 1.02e-Q4 1 0 0 0 1,02e-04 i 4.88e-06

¥crclllY clll1lPOIID,l1s s~ac:~.wll!tl!. ....9:6?¢-07.k3.~l:;12,9 4,22£:.ii. "'.. ..'.2:.§~];Q.f:;:' ..o;,·};.;~~~g;~~!&I
~~!J;ls'.!!=.~ning UDsp~iat!:.d surface water 6.74e-04 9.75e-03 0 -3.42e-OS l.Q4e-02 i 4.98e-04

J1~.ly1?4~!1..11l....... .~~~~.~.;'!!t.~;~·..~: ...... :..Q~~ .·.·~:i<i¢~ol:2~~: ...:"";·Y§:P'~:i;~"~~;·~·~;L;,:jJ1~1>1:~":~:::[~:,tl~::~.E~g!
Molybdenum (Mo n. Mo m. Mo IV.
M(),'{. ~1()'0),.... . s.'!rt.:~<:.e'Ya.!.e.r.. " ...!l.:~1l:.~96..0 0 0 8.27e-06 . 3.96e-07

~~~Q.~~~._ .. _... _,.-- ...... '" _ - "" ·:;~:~~:; .. ·····:· ....),,1.~·e::Q~-"······T9~~i();L,:.i"~Z,:.:liLT~~:~,;i',:~;j~f:~~~~:;ii£'~~;?J!riSsi~

Nip~~i.(~.2) ··~~~9.;~~~~i.·~" ·'6:~9.~;0!--~=·:.~::.O.~·.;:~::,(;c :.~!t;;: ::··'.. ·.~,:~~§i~i~£g:i:';",::t:if~i~:~:~QI'c
Ntek!=l cmpds ... surf~qe water .. ~'J~e:Os.. ...~:8!e:~.Q_ ... 0 -'1.52e-12 l.75e-05 8.38e-07
i'lJ~.!.e. surfll~e.Y'at.er.. 9.~05 .. ~.loe-o~'Q.',~i~~6:~:Q§: ··:'I§~i~:M.,:~::_L:E:l.;TI, ..i.:~m;±Mi
Nitrates/nitrites surface. 'Yater 2,2ge-05 ?:95.e-06 0 2.6ge-OS ' 1.2ge-06

tll~~~. surfjl.<:c:~tl:! •. J.9.1c:-Q6 .. ,. f' . "'Q::~:'::--'" .:;J.:ii,~~ ..,:':7;.~;:Eii.i~9j:
Nitrogen. slJlf.aC:l:.\Y.lIt.l?r... . 4A,6.<::!lS. ),l.S.e-O~ 0 0 7.23e-03 3.46e-Q4

·~lt.r.og~.l;Ii.~:I'J~.e_.s'!#Jlc:e'-"'a.ter ..6-,~O.l:.~Q4. ... i ..... ,,(1..... /~L .. :.•.:.:.~:;,:fL:~:~§:[Q;;::M·.::::.::;L~.(;I~I~~~~!f!
·Q.U &grcase .sU!!llc.e,'YlI!eJ: .." .._ __,._Q..: ... _y-,~~l:::9L. 0 0 7.46e-03 ' 3.S7e-Q4
'Q!h.~tnil!2&~!L... . ...slJ!f~~,e.~ll~er... . .S.2.~.~Q4 . ~,59t1:98·'·~:K;·:'7.QI{~r!I~~W~·;rs;~;';£:i~~i~.'·;~;~,;.'~::';;;;'~~;7(:~~~~~I
.other organ!cs s'!:!fac:.t; "'.at.t:r ~~~~e:Q~ 0 0 0 3.98e-05 1.90e-06
{);!~£.Ic:i,l! .. s.~l!ce "'.a.t\lJ: ... ,c§,02,e.-.o.9 ..~:·;·';.~i,:·\.~"'·:;~9:::;:T,::;:.~:.:~Q~~Q§,·:'::",: :~;g:;;~:~~l~
o:~)'len~ ...s..'!if.ll.c:.e~~l?.r.. 0 0 0 7.84e-l0 . 7.84e-IO 3.76e-ll
.R1J~119.1._ ...~urfa.c;t:.~ll~l:L· .6.:?~e~.Q?.;?,~j~~oi·:,.: "'~:j'~Q':'~?11~;P6!C:\:·:;:;~~§18>.;{;C''', ';!:2~i[ie.r7'~~Q¥;
rh~phate (P04H surfac.l: water 1.7Se-Q~ 0 0 0 1.75e-04 8.3ge-06

Ph h nos urf1 t 0 i 21 06".. '.0.'". .·.·1.2.·.1,..,e.~.Q6,'.. '..... .';.,:.;.S,;.,S,~.•·.·.$...:~...,;.___ '?!!P..~~~. '.. " .. L_!!~.e'Y~.~ . ,,'. ~-. ". .. ..
P1J~phat~. ~U!!ac-=-\Vater 2,36e-05 5.85e-07 0 6:93e-09 3.42e-05 ; 1.64e-06
.~~P!I~ __(y~!!9W..IJ.l'.,-",lJ,i!l:>'. . .s.u,rt:,!c;..e.)Yat~r.3.:9~()E.. ...:,:·~.~95..;:or~_,. .,j~:.;fi· > ',Oi '.. ':':'~i~~~ : >';?' ":':<'''i:;~)~!4%'
Phosphorus pentoxide surface water 2.4Se-08 0 0 . 0 2.45e-08 1.18e-09
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iirf.~~:~bryi~1~~~l01(Sj2!V~:2:Ei~i~b'7f,i{i~~i;2:~~;~;;;::iI~~~~2~:td(~~::;,,;i'f~~jii~~~~r;~T~F;;!:f'~;cc:;:~Ui*[~:x::::,,' ~;;:;,::1;~;'~~"~~~
Rubidium ion (Rb+) surface water L93e-07 0 0 0 L93e-07 9,26e-09
~t~1~R¥!ft~dE~;~;',"T~~??'~1~~:E::{~;~m~;:~¥f;S:\~:}~J':7X~~3":', ..":;:;t~g¥~o~}:':::9;~·:9:f:~;4"~r~~g~~·~:;;·;;;?~I~';;;~:'~'[~~g~?,:·;."/Y"<'":;';;~}'t5,2!%'
Sand surface water 1.80e-08 0 0 0 L80e-08 8.62e-IO

~~IlR~!~~~igj~i!¥~1'fJ!~.:f~2~~{;;~:~~jf?~~~~r~~r;~;t'1:t~~~Qf;;';Z:.~i~i;t;}r;:jQ::2j~i~fi:mt!;§J~:;.:1/tLQ};\;;··":';~PJi[t~{5,'/~~';;{~~iI~~;
Selenium surface water 1.34e-OS 0 0 8.ISe-ll 1.34e-QS 6.44e-07

~~1£we~~#4¥2"'~I:t}'i:i~;i~i:tT~~~lffiii~~jt~fE~;~'.JIl~~if~~;Y;2;;,rE:~~;:~~~k:~~r.;;~~"~i~~·~~;~tQ2!;;,:.~';~~·;~{f;411&§,';;;:,':":;':'E}:::::T:~1?piIQ~
Sodium surface water 9.07e-OS 0 0 0 9.07e-OS 4.34e-06

t$~~,g{;j-:~h:;'S :.. c': ....~.." ~~·;~~~·;~,·:";'~~~~W~J~{: ..::].~q~~f((:·~:':fl.6~W.> ~:",.. :.:~!r~ :£Q~~Q2':: ~ ,,,, :i,i~~+:@' ~< :~>'1i,." ': '::~;:~~:,
Strontium (Sr IT) .surface water 3.73e-04 0 0 0 3.73e-04 1.7ge-OS

;~9l~1~T~)'}' ,·.·· ..•·.;;:":,~£~';,·;i"~1ij22~g~lwft;!:'?~1;.~?7~~~~L';· ~:'~;"'~?ir~i.~~~4.Z:}~;~2:'.]rlf!~:{::~~4i'":'·;:·U;:~~;~m~~:;'?':";·':S?:::!,;:'R~;lTh~
Sulfate ion (-4) treatment 0 I.0ge:03 6.84e-02 6.84e-06 6.9Se-02 3.33e-03

r§iJif~D;m::l;~;;:}:;ztrtJj£\~:12;:i~t(~;~iI~~t;Er;';:~~22~Wi"2;~;::~~~[~;21f~Q];1~~EI"}l~Q:.::;,~~~~;Q§.;;:(f,~~:;,\;::f~!,gi?Q~~'C;;~:{'i';;;f~I!Ir~~Q7.~
Sultites surface water 1.73e-06 0 0 0 1.73e-06 8.27e-08

[Sji~i~~~-;:.·';'I;i:W~';·~';::~'Zf,TIi~iJi=~;:~·LjI~(~}f~~~"C"~fg:~';Ii~[b::"Il~i:Q~.:;~iJ~!~i~JYc:,;l:7':Li~ ~i~~~~;:~~';~:;;~:'Z:,,:z'tll~&~
~~~~~i~~~r~:;:fj:(;';S>:~;:~;ty~'i~~j~ftJZ;s!~~f~;~~2~{:':;CLJI:'~'~;~£~~~~?T1~rf~~:111!]Hl~~~'~:~~~rt~~~i,Y:i~;;~t1;;;'[ti;;'%~ll
Tin (Sn++, Sn4+) surface water I.3Se-04 0 0 0 I.3Se-04 6.4Se-06

;Iit~w\;P;i~~,ifi.I£i!t~rt4.~t:~:;~~:,.~~,,::;;:~:;:;;~J~YR~~;:$i~·~ !,.::,~~~}r~2~~9Xt::,:;{:;'~;;i~;;;,,;ctQ;S:~1CE~~lUD" ;f'I;:'>~[;.,t.;f.:':~~~:~2~!:':.'(:~~~i:'1!::,;3~Z~Q§;
TOes surface water 2.8Se-03 8.8Ie-07 0 -2.28e-09 2.86e-03 I.37e-04

~~¥~~!:!{~:~5!j;tll:\'i"~;!'~;~~!lTg;0:-";;~1l]lJifjA~~f::}!:~~:~;~f~~Q~1q::;:~Itll~[QK'''::::L~·;~rfKQji~f{Ql;~~~0~G;::~!~i~~~]!;,=;;ffi~~t:::~Z!

~;~~{ifI~~~~I\\:~·E7;,:,:~(~{~~~;?~}~;$~'ii~f:7';?;;~i.r@~~t";~?~,:'iI:~\::i~~:~1~'~I~"~:·~~'?l~1ff::l:~:B~J:~.~;~:~~I'!,;j::&~~*1{;2]ClT:-S!;;riiti
Vanadium (V3+, VS+) surface water 1.42e-OS 0 0 0 I.42e-05 6.78e-07

~~:;(~iff9ri'~:~;";?~;W'?::~::,;3'r!~';S:~iti;~j@~gg;'~~~iil~Jt~3~:~~?9!![15I~~:~',::';:;f9:,ft}fs;;zj~:Q~rt}f:;~2.~iQ;:~E;}i~'c~~r§f~lQ}~~::I[;:Z;}5'~f3I:Ml~i~

V<?9,. ~C:II!~~~~,~~eecfated" . ." .."~~~~\V~~_='''' ~:~e-O~"",._"~"",,..c ...,P~.,. -"'''''7~~'' ,- .v,.r".".~ < ... w~~~, M"",."" ...-.,,,,:,,,1;~~
'Wlls.ti'Il!~~~"iip.sp~itiJld ',,,, "~ :" "" 'sUifac~ water ,-., Z."I~,.q4 ~, : u.'v "<k,, ,,~:,,;."Q :'." ,.:.L:.' Q,C, ",~.. ' ~g,,~.§Q4, :<>; ", y~::r9)~~:O.~~
Waste oil surface water 3.6Se-03 1.01e-01 0 -'3.13e-04 1.04e-Ol 4.98e-03

Xy~~~:(~'Ji~~~t~),:f.· .. """:;;'>!"),"'; :~l¥fi~;:~~fuf:'?~;X:~::t7~~~~·?~·2· ••,~;,;;;7£fi,~j~·~5;~:;is;;::;~1Ztl~i~ij'~~;~~:T:!tr0.il~;.Q£i:~t:'!~}71.~tJ'~~!t.:
Zinc (+2) surface water, 6.66e-OS 1.23e-08 0 -3.17e-10 6.66e-OS 3.1ge-06

'Zi~h~i~;#~t{:'r) .... .",,:,:,j; "i,e;' ",:~"~:~~r;;;;'t~,~.:';·', ",,~,,~,,:·tO::'<C(J:~~~Q~.';:".~:;:,[:Zc:;Q~:[t:;~r:i::·j:K~H;:!f~i;Y~~fQ!iZ:~I::~':;'~~§~]E
Zinc (elemental) treatment 0 1.03e-06 0 0 1.03e-06 4.9Se-08

Total water pollutants 8.12e-01 2.0Ie+01 7.02e-02 -6.18e-02 2.09e+01 100.00%
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Table .1-6. CRT hazardous waste outputs (kg/functjol)itD uniO
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4.44E-Olo -6.76E-062.61E-03 .4.42E-OllandfillMineral waste

J-15

Oily rags & filter media landfill 0 3.25E-04 0 0 3.25E-04 l.89E-06

lm1![i!*!\~im:~Mr~~~~;:):m~1~eUHm~1J~r~~~?XRJK~:~~H~Jiil!imijlgj!jlllfITffi!lml~rmill;:~t~'tg~:;i;a~lli!m~~;::XRmIITmmll%Jfl1(:~:::':J)iti~~!if2g~jlll;:;r~~~~I~~~~~~
parts cleaner solvent recycling/reuse 0 8.l3E-05 0 0 8.l3E-05 4.72E-07



Total solid waste 9.55E+OO 8.12E+Ol 8.33E+01 -1.66E+OO 1.72E+02 100.00%

4.2IE-05 0 4.21E-05 2044E-07

..... ,:~Z~(H!;:~'i;~(O:,~m;~:;3~§7R3;[;'!:;:;:l,,,,,,,,,,:,. ·... :;;;;im'.:~;·;;:;;~;;[~;:(~§1t~,~;£f;[;;';j!i:mat;t~gr~*j
landfill 8.I~E-05, 0 0 0 8. 15E-05 4.73E-07

·.·····,··.~':'recyciifiiireuse·'·:':7:.':·~TT·;;:;',":""'"(Fm:j'i);43f:~p3:1:~:,q::;':.F"C'lQ::'··: :,' :,:·,·~,:>f·;.:o:.',:~"".,::)i:4~:~:o~:,/,;:r',;:[F,;~.: ;ig~~,ii§, '
.... -,' .... ,.~ ;i··'·,··...'.,·,·-'",-"·"··r., •.'~_ .. ~ ,.'''. F··L··~n;i',~,:~~:',;i"i-':"t";,::'-'·:;::i:"'.~'·,i':t,"·;(h"~~.;>··~,;:,,,' .• "C~, ~ .;l }.~.. ~n ~,,~ ~ •• ,. _"M" !r;'.k..

treatment , 0 9.09E-03 0 0 9.09E-03 5.28E-05

.. ,.,...::t~~!~e~:~:\:;~;:,;;:):,:,::::::,;:;:;·t·i:.··:9.[mtj:%;R:(~~R~i;,;,;~.:;::,::;)mm;g:l,;1:\;~1~:·i~;;~:91;i1:[;;~;R;t~¥O~:mr:~!~~~;;J~rr~~~~~
recycling/reuse 0 3.77E-03 O' 0 3.7.7E-03 2.19E-OS

·rec~clirig,reus~'···., ;. :··:,\;4;j;;;',g:n:;j"~~2~519~;;;,j;;o;:~:;[:~t;i,.g":<;;.i:k·.;~!;,;~,·;;'~18~erB1;;,[tm~mt~Z~~~;~£'
landfill 0 2044E-03 0 0 2,44E-03 1.42E-05

•. :landfi.I1...... ," ;g~,··,;~;~?~7:q\:mm,~;i;9,,~R~:
recycling/reuse 0 3.72E-Ol 0.22%

recyclihgir~~;"e:'"'' " ':n':Q:'~~;~~~~9~;;;;;mm~,,~:4~¥~~ !

landfil1 0 0 4.94E-03 2.87E-05

landfilL' . 9:0\E~07 " :" ·,,:];p;Ui~;~:;:;,;;.C~~·,.;;;;;;;.',:iUffiE:@lE~9,1;L;:];'::;i;;~;~,~"t:M~
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Material

Phosphorus (yellow or white) 2.90E-06 0 0 0 2.90E-06 1.68E-08

':~iJlg proccss sludge' ·······:I,:>.~1m;;;~:~~~!~~~;~~;fmm1\l\;;~;t~~;m;;;H;)',::};~:jF;~1~m!!~~~~!~~!!i1j!i!m!1~~~~!~~!f

Potassium CllCbonate>j(:L;;~?\i)j1;:;~:3eg~e~;::;:r!:';;1;:::;:';gigmmm!l{~~~!~2~j;;;m~~9~~~~i;i;]1~;;!;l~\U:~!~t;9;~;
Printed \viring board (PWB) ~~~ycli~~r~~~~"';' 0 3.70E-02 0 0 3.10E-02 2.15E-04

PWB·Drill dust landfill. " 9",.::" ';>f;i;9;lim;;!.llf?'~~~~~j;~!:Z;:;9~~i1l~~~~~
Sewage sludge (unspecified)' landfill 0 0 6.64E-05 3.85E-07

Slag and ash ';' ]aridfril ,'..'!( ~,;,~ ';:':';~:}~5,&Je3\,m;;~j~~~tR;i;;j1;;;;;ifj;;~;;;m\mmmm~~~*~,L;;;;,~;l*]He;g;~l,;m;;;;;;~;~mg~:I

Slag and ash recycling/reuse 0 6.85E-01 0 -3.0IE-03 6.82E-01 0040%

,Sludge (aquadag) laridIDI:'. "".',::','< 'i,i', ' ;', """"JJE~~;:,9;j;;;;;;?1g~§tg~m%\;i,j]:);:j:,~i,~;i)j;~),ij~!;~it1!;lmmi;:t~:~~it,9J;~;1~mmj!~i&8~E9;~j
sludge (calcium fluoride, CaF2) recycling/reuse 0 1.75E-02 0 0 1.75E-02 1.02E-04

~~~!~~:~~~~:~~ ,,.: .:~~~:::,··,:.".,.,.""",."~;;,,;,,:{.:,.~,,L:;~~~~m~~~;:":;,,,,;;:::;,.;:;,;:,:f;;;;J;;j;t;!];~;1t,mm;~I:mm~~;' 1llmi;f~~i~~~(
Spent solvents (tolucne,xylene;dimethyl .recycllllglreuse" ""'" ..t~:;~;;m!;\M:(n,;"L
'~i~:'~iCd;eroPy'lllICO~OIL"r~ycli~ii;~use'''''~~ "(j.64E:04' . , ," 0 0:8;;;:i;:'6.64E-04 3.85E-06

Steel scrap (tinplated) .~eC~cliri.g(~7~s,7,';:;,,";X;:t~~,~1~t5;·':;)i!~;;;1j;:j)~,;;;g;mm;;;mm%;~~~~;(Ui;;~;;~~imgH!l!m~~g~~~qtmi~ilmm~i;,lR~~9~:
Sulfur landfill 2.55E-05 0 0 0 2.55E-05 I.48E-07

.Unspecified sludge "..•.:,:..:,:M'j~~fIl\':.:::;.::,:;;::::::::::;;,:::;:;[!J:~;:::~:::j;\j!'~\~~~rP,~;;;:;:~;;:;i~;;:;;;:?'~~mlili;I;;~;~!;!;;[glm~i;1~j~~~t~~;1m!rm!!l~~1;~~;~;?;;
'unspecified siudge .. recycling/reuse" 0 l.26E-01 0 0 I.26E-0 I 7.29E-04,

'UnspeCifiC<i solldwaste '.··fland~li."......';":;, ;;;~;~i3;~~~q9ii;;"~i,i.mmj;;j;;:g'.;f;;:r;:[!;m~;j[;;~;;[~;~X\~~~~R'lmml~i~~;~W~9;mmmm:11~m:!~ i

Unspecified solid waste recycling/reuse 3.07E+00 4.33E-Ol 0 0 3.50E+00 2.03%

Unspecifie<I'solid'waste ,.,... _:, ...::..:~.e~i§,ejl.f;'~;i;::;\@i~il~:[!~::m;;d,;1:[~i~\~i;)~1gg~*&q;l;:ml;(ili!~mmtgii.i;;;:;:!';~im;;mRl;;i;:~~;~~%~~~s;:;;;i:~!jiJ~i~~"Bt:
UJlSI;ecifiC<isojj(fwasie'(lncinerai~dj' treatment 4.24E-03 I.33E-02 0 -5.82E-05 1.75E-02 1.0lE-04

UnspecifiedwasteI~n~fi.lr' '.' .'.,,':.; ..' ..,i: ,. ,";;';,;;g;;;;:;;~;1~,~~~*99;~f;j:lj;;:;;:;:~Et;t!;~m;:: l>;i?&:tl~~;1~1;~;;~,~~tR:?,~:i~mH\ii'~~~;~~~!
·UrispeClfied ....,oste recycling/reuse~' 0 0 0 -8.90E-02 -8.90E-02 -5.17E-04
Wastealkali (cleaning caustic 'a"l~d lllklui
,effiue.l!t) ".,,_...... ~ ,c.,. :.,.:_ ,;,:~, :.:; 1;::::~;,;:,;::(;;.,:::,:!:i'.~il;;j!'l;j:~:
Waste alkali, unsp~ified
,WilSIe metals, unspecified
\Vasteoil
Wasie oil
Waste oil
wasie Plastic (packilig mai~rialY

WiIste Plastic (styrene foam)
Waste plastics from CRT monitor
WllSte refmctory
waSte watcr treaimcilt (WWt). sludge
\Vasicwater treatmeiit(WWij sludge ...
\Vastcpaper
\\TOad, average
'Zinc' (elemental)
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Highly radioactive waste (Class C) landfill 8.6Se-06 O. 0 . 0 8.6Se-06 2.98e-03

E~~1~~Z~~Q~~~Y~~~~::E~ir;'."~~;,~~al~~::~0t~J~';\;;~I~Q1:r::;~!Ii~rJ:tii'!ri~2!a~3f~:::;1:;r[(~!~~~~{~::0;i5:r~!fI~~:~:lli&J~!~'~i1:f~
Radioactive wasle (unspecified) landfill L8Se-OS 0 0 0 l.8Se-OS 6.46e-03
!f~~kt~a¢Pl~t~;;c;;;:Ii:';;i:ntT~r;"'{ff~dfif(r(y::~;;;~ ·'?;'1":<'·:~:'('···g(~t~b~Q5;'·:;'gg5r"i1~f04;\:'fi:r,'5;27~i(j8j'r"2j~F)";'J~~~Ntt~t7;(1:j?~ft~~~

Total radioactive waste 4.3ge-04 1.80e-04 2.2Se-03 2.2ge~07 2.90e-03 100.00%

J-17
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Table J-9. CRT 'radioactivit 'out uts (B

J.18
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TableJ-9.CRT radioactivity outputs (Bq/functional unit)
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=::.=,;,;;;;,.=::.=..::;.~-----------_:......._---------------

Table J-9. CRT radioactivity outputs (Bq/functional unit)

Thodu.D1:2~o. (isQ!llpe) .. 1ll!111!!!1 ~,3?~i-9~,," 0 0 0 6.35e+02 i 7.07e-06

·Th~u!.!!:~9.Q.sl?l.IlP.!'L . . .__~~a£~.Y'.1I~~., ,.t"7~~Q,i::.· ',. .,,0. ,'..~, ~~. :,: 'J(":="~' :~.:. :.,]: ",,:;', 'L.~i&~f;.,:D;~;;<~Ei~:J2f~l:Qjj
'll1Jl_ri~-~~.2(i.so.tope) air .... ?,:?~~:~2.. r 0 7.28e-02 8.10e-IO
1!t_C1!.i1!~:~~1 (!s.lJ!-o~) ..•.!ir.._._.. ....._., .. .;,..;, !t~!~;'Q~,.~ . ·:';.;xJ;:r~~b:;i;,LiLi::(J11~Z2!f.jQ:
!h.c>ri1l!n.-23,4'<is()!Il~)_.~.ll!.fllce ~!e.r 2.98e-Ol 0 0 .' 0 . 2.98e-Ol: 3,32e-09

T.i}!:.!1~ .<i~~~)...:. " .. __ .....,...Jr~tm~.qL,."""" .. =.: ·~.,i .._M~£.~ki",.~,~iQ,e.~bjl~Eiij~:ol;< "~jJ·9.¥""~tt;::~l···;;\j'~\;;I!~~'Ql~
Tin·126 (IS~IOpl:) .. landfill . 1.84c::.~0l.Lq 0 0 1.84e-Ol 2.05e-09
Tritium 3 (isoto....) air 3 47e+022 95e+03 3 74e+043 75e+OO ;~i~Z·.;J)4·· ".r~,:.·.•·•· •.:.'.!~r.·;.:.·,:.•.,\~.~s.·~.~~~.'i\.,'ii.1.",'.,--, ".. ":.t'...... ._~ _,.• , .. "'_.,.·, ,..·,.•·.•.• ..' T-.· '.. ,t.,.., , h,; .;".• ,.", .,.- ,~; ..: ;,i"h""""";'''';; ". _,. ~.lQ.

'I)itiull1:3JisOIQpe) s~ace \.Yater . 3.S,~e+Ot,_" Igoo 3.56e+03 3.96e-05

~'lli!i.~1!l:?(i~) .t;r(lll~egt ,_'. .... ;,9 .,?,,2Q~:l:!R ....si~,()~iQ5.;L:. '2i~Jl:~t<in;· :.;,,~::3.tQ.2,~:!P~,i·C.;i.Y~'~:D:~.ZL~~~1~~
Uranium-234 (isol()pe) air 4.07e-Ol" 0 0 0 4.07e-Ol; 4.53e-09

.. , ""'j':".":,.'."'::" ··',3'¥,".''''·' , ')ii~<l""'~ ,'_,', ";~' ," ·'::"W2.~ "

y!!Ilt\lll!-~~4.(ls()~), ... __~@.1L. A~~~~Q~.,,,., ..••j:Q.. ,"". "0,, ...:', , _" .Q'''N'~' ..".M.*-e-s9~ ,,::.: ',,"~:,""U~M"
Uranlu!U·234 (I~OIOpe) surface water 9.84e+OO ' 0 0 0 9.84e+00 : LlOe-07

_y.I!!l!!1ffi:~~~ ..(~_~l._ .. "._ ...._:.~_;k~=.~,.~_..~_~~_·.·3~iM£qi_,,=~,_:;"~~i, ..~,.._.:.:~i.:jjS,l:'!~"":;_~: ..2}:;;:J,i,:I;~:;~l~~~Q4iJ)A~:\!f;~·:~'!~:;0;;~~~{~
~~~i.:~i:.:i::~~.~.=.~. =.=-=~;~~~:F~~~L-·: ....-,·:·~~~1~~;~i:.:").M ....;..:;/,;;~LZ.:LLt:,:X;.3;;,;;~~ijlb;,[:7~iftiLZ£~t·:.K;~~~~~~j
.~:::~;:.~~i~:~:·_.-.~~······· -::·:~~4t1iL: ...:.=,:_-'_~::::~t~~i -_~",:.·,~-~~~~,=.~L:i~r=,2z::::~:;ik~;h ..tlf~l~~~IEyDl~t!iiZ
:~~~i;:,2;:~:~.. ,~_ ....~~:~~,~a~e~~~ •._.••.=~~:~~~::·~l~J.9~~jL"!" ••·ijJd±Qj.;iL~)j~;~E,:J)1C~~1~hC)~Z~i2t_
Xcnon~P1M(isot!lpe). ..!J'e:il!IleJg. ,"'" __'.' .,,,,,0 2'~~~+91 .H8e:-p.2,. ~~8~e.-~~m """._~~!~~O~, "I", ,."_,,,,,.*,'!.6~;,~
A.~!1()Jl,·.l,3_His().~L, ... .. , . ~r.... ... '''.. .~..2lttQ~...,_§~7]!l.±2L .. w:!·>t~.±Q2.,_,:, ....~:.t~~l ' .,.: ..._~Q"~~_",,,:..., .,.""~~..5fx,@",

-~:~:~jj~~~~~~~~j=____·~~r=:~~'::"',:.:=>_"M .. >,...:·:.t:i:i~~c: ..1~3~~::i.=~i~~i¥~lz~L;i2;:~,~t~~~4'::Zr~:L:";';22=~~~~
&::~t~~~~~:~=~ .._:=~" ..:_::_:=:::~==~~ ...~~=:·:~~:.·2,:.~ ..=t11i~Jt=±~~~E:yl1iltl:t,k,.zrl.~1~::ji~3"{:;,m~j~i~i{mj
·~::~i:~~~~~~~;i,·.· ....·:_-.:~_·=~=:~t .::::..::,~~,=,=:...:::,=I~:=::ttirU±::~····~~~~::z~:±~~lL',:::~2[~~~~t,;;;:E:1I;~1i
£~5~;.)- .....••.• ====:.=;j~~>1i~ ••~;~."r::~=~
.ZlrcOl1ium.95 (Isotope) lUI' 0 1.15e-04 1,46e-03 .', •.•... ' lA6e-07.':.,: .;.:li51e~03.c· ." '" .~<' .:.. ··''L75e,Uii

Total radioactivity outputs 3.80e+07 3.78e+06 4.80e+07 4.80e+03 8.98e+07 100.00%

J·20,
I
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Table J-I0. LCD primary material inputs (kglfunctionallllnit)
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J-24 .

o 8.92e~g3 0 0 8.92e-03 , 4.28e-05

, 3.~3e~07 ' ., .,.Q .•.•. . ,.·..Q;;."";:;.;;.;;~,;.9;; '.' ::L;Ji,§~~:ifJ~;::'.:'"::;':'-::_Alifj~1~2:
o 3.38e-9§ 3.38e-06 l.63e-08

~.~7e~().6 . . .' ..;.Q.;':I~.l~S~t "'" ;LJ";:Ak~~tt!lf.
o 7.35e-05g" 0 7.35e-05 . 3.53e-07

o ';2.?i~;:~~ . ".'. " •.Jt,...j3_LL:"~;i;Q:f~~Qi~::..;L:.;.\:';·11Q;'::Qf
o 3.16e-02 0 0 3.16e-02 ' l.52e-04

... ·2~Q~~i ....,.. '.It....,. ... ,..... ~."1Lh"" .. :;;:.;.,,,r;9::I.,:;;,:2JiQ~£i~~L::;~:T:2~]:36~j~
1:01(l-03. ...1.0 .. _. 0 0 l.0Ie-03 : ""C"" 4.85e-06

_" , ,••_ 1:3.1.!l:91 ,_._..· _._.~:Q.._._.;,:;..__~c",JI., .. ".,~;"L;i~~i~QL',:", .• ",.• ~~.:;~;§Jk9r
o l.37e-04 0 0 l.37e-04 6.57e-OO

• ,.,- ".,-1---- 'r" ,v,", ~ • '" - .~.-~ ---t . v';; ;,,~iIl''I;~;

, .Q .,_6.!8~:Q:4.. .,_ ,-,,0. " ..: .w",_.~jL . "..§',t§~-MT '; .~. ".. :7. ~;J),fl,,"

o l.03e-02 0 0 l.03e-02 4.93e-05

............. _._.:..~.".~.~ ..i~.~~:& :..L. __.~.'Q:].:E.~:~~~?:"'~;.QT:r;L:·.,jJ~~;9£j" ..21L2Z,if71f§l
o L:!,ge.:Q.I.. 0 0 l.2ge-01 t 6.2Ie-04

... 4,~8t?:Q.2 .' '.' ":.2.:'7 ':-'~"'·::!~:·~:~:;~I.:;.::~!,~j~j9L1:,L· ..:.t:f;1~:2].{~
"o .4:~4,4~~QI.. .. 0 0 4.44e-OI ' 2.13e-03

.« __ _ ••••.m... _.9. _ ~ .!,2_8~:Q~.,,_... ... ·~::IL~.·=:=-:~:~·g~·;~~:~·~.:·:2i:~W~~:"L,,":.·.;L~ ;i.;;Jj~~!~
...... 7A?i::Q:3 .. ..._ .. () ... 0..... 7,04e-04. 8.35e-03 : 4.01e-05

. . 7.9ge-OG ." ,() .. .·.:,.Q.:.·:.~::;·::.·:5;:::;{Q-.~l~,.L:2i!.7.-.l29~-M,·...,·,.;f'. :~'~""."'" B~.··:rx::·~'~8·~~[~.. - , -~__ ..'"_ -.., __ , I'"".~_ .•.~..:"",,'.. ~ __l;l~__ .. "--' .---~--

........... Q_ _~},4ge;QL.. (t.. . 0 3.4ge-01 .. ,,_l.~?e:~3.~. ,
.9 7·?~~:9.:3., ..JL. _ '."Q,;;, ~ ..L;~,i~2~~Qj2:~:;L;~::;12~4);~~ .

......._?,42~:Q~-:". '.~ 2~1l~~~~ ..•. .,· .•J.';1#~ii:~~~·.;...'ntC~·~i:r1~~W3
.. 0 _5.74(l;:'()~_ 3.9,?e-01 .7:4?~~05 4.42e-01 2.12e-03

.... q. ....),0.8.e~~L.: ...._8.,?2.(l.1lJ";'-':"":')";7'fe:,9.1: .;.~·.:,:ti~(ilittiQQ~L.,:z~g~;;::4~.~~~
5.07e-OI 5.4ge-02 0 -l.55e-OI 4.06e-OI t l.95e-03

.-'.. ' ~t i;2~±-¢i_ ..:.:" ..:·:~;~:Z~I':=:::·:I:~.:L.:E;i)Jli~~Jitl~;2f;:G:2::;ri~~Qj:
2.02e-02 .0 0 0 2.02e-02 : 9.68e-05

..•.•-:~,.: ..•-:::~!~Q~~~?-=::=:':":=.~~.:Q,=:":.:, ...:=.:,;.~~""i'C~Ij'=:i·::,"·Q"L·.:~::~,:;!lI~\QL:';.:"::.~.~:,~:Ii:
o 4.9Ie-04 0 0 4.9Ie-04 . 2.36e-06

.. ·Q'-~"".•·iIi~~9~.··:~ :.::, .·:L':Q~~;':TC=2F'2:Q:"'5.r:~.2tflil~:Q£1·':.'.?:~;;,~i~~ ~~lg§:
o .0 0 l.0ge-03 l.0ge~03 ; 5.22e-06

.. Q.. .3::83~-Q2"(L:~·~··::;~:2·':·Q:;i;;}':;~:~J~~Qi'f~:;;?:;;ifrE['1;'~;fij;
6.05e-09 '0 O' 0 . 6.05e-09 I 2.9Ie-ll

.... .JL...,},:!3€?~Q?, . J1.~._ ...; ":Q;~J:-.;-:' ;i:7,i~.~.~Ql'~;·.·:;;;,:(t:E;i~£Q~~
o 1.13e-02 1.13e-02 5.43e-05

' '" ·-09·iQ~±QQ .._.......i·;::~:§.~[~~±®!.?":~(';n;i~1~~at
l.08e-<1l 0 0 l.08e-01 5.1ge-04

• , ': c "'.: ·:·j~~~:?~--~,;:;·:::··::9~·.·:,~·'L::;.~·.. :./fL;;L;::;~:;;:i:J§~~Q~:l:.:;bJ}:::rE~:.ii:~~,
'.0 0 8.06e-03 8.OGe-03 3.87e-OS

..., , ..22,2.e.:Q·L.... :.:·0'· ····jC·· ··~:;.r·;·Qi: .:.,,·:.:;iJi;2,i?iT;~t"f;;iK':~'{;~:~{Qffj
.. __ }~~~~~.Q.6. . 0 0 0 7.92e-06 3.80e-08

p.--iiQ~~Q4·.· .. ··:iE::,-{:'.:.:,. :() ;:Z.:: .... i~;iQ~~!i4::' .:.'YF:;:;>;~~r~:~';
o 7.75e-03 0 0 ·7.75e-03 3.72e-05

o ,~,~~e.·i~ ..9::;:. . . Pi.\~~2Q~} ·iill4Ig~.
o L2ge·03 0 0 l.2ge-03 . 6.18e-06

1.,?3.e.:O} . ··· ..-:..:·2··0 .9;,h~~b.(j:3: '.; ':7:t~:9ii"
o 2.6ge-02 0 0 2.6ge-02 l.2ge-04

Ferric chloride

~J.11ll,!gan~e (fe. Mn. C)
Fluorocarbon resin

Table J-11. LCD ancillary mat~rial inputs (kg/functional unit)

Material Upstream Mfg USe . ~<>t:-i'" 't~~;'<,,::~;\.·,~;~'t~Jn::I:
---

Fluorspar (CaF2, ore)
Flux. unspecified
Fon1laldebyde
Olycol ethers

Qravc:l
GrnveVSand

J:lgflC-mc;tl.
HCFC-225cb

Hellulll
Heptanc

g~lhyldisilizane

Hydrocblor:ic acid

HYl!rPJI..ll9!!.c::.itcj!!...
Hydrogen .

.fIy~g~n ~()xi4e

lron(Fc,.o,rc) .
Iron SUlfl!lC;~94.,.~)_ .
ls9Propyl alcohol

rrp ~teh\Ult. ~p~ifi.~.tl

Krypton

~4(Pb, pI'e)
Umc

I:J~!on.e

Umestonc; (CaC03. in ground).
~q

L.lJ1>ri~ant(\!Dspecifi€?dl .. __ .

~M!I!~~~_<M!!•.()C!)..
~£tI1Y~!i.!J1yl.ketone,..
·.M9.1l.~illl!1~ .
N!I~ural ins (in ground)

~'~!1j}'la~c:lI1te

Nickel (Ni. ore)

NJ!*..lI~IE-...
Nitric acid s~ond ceriumlUl1!D.:9nium .

'N!~9ge!1.

!,'li!ro.gell.flu.oride ..
~~lI.!!J~~l!~. _~_ .
9.IH~ngroun~)

9Ii:<1.nc; .. .... ..... .. .
9Myi~eore

qrth9QoriCD,ci4
Oxygel1
.~Cf.Ch!ClIicn£id
J~e..rf!uoromethane
~C:!15*Il_IPl!o.nlc.Acl<l ...
Phosphine



L2ge+OO 2. lle+OO 2.08e+02 100.00%

J-25

2.04e+02

o

6.6Ie-IO
1.06e+00

Table J-11. LCD ancillary material inputs (kg/functional unit)

Total ancillary inputs
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.:'.·.~P~,-.·:·.~c.;'.:·tos.·.~~~.·rh.i;.,..O.•:.Pl·.:·s·.:.~.·'.. ',allD·cJ.•.ds·:.;p'''ec''.·.··.:;'fi'.'.'.',,;..~,,:.,.:·.:.:,.-.......••-•.• ,;.::•.·.i:,:;=.•...:,.•..·.•.·::."":'-.. "=.i~.:..:".0-.':"'.i.·~"..•:<,.,.".:"i.'.:' '''·''''·''f'::\w·:i,,".~;.v,Q'''''''::':''''<~':?'~~~~:;''''':'2'::i '·-'·,C ")'Gg.':'·;~·~";;-·""""k·,,· ..,;:2'N ,.;..·.·,:,·.·.·:.:·.:.: ~l~.·.).•:..~..<.•.s8·.~e~.·•.:,._~·02..··2~.·'•..' .•.:.;·.:..;.••..l!"." v.:.t::··,.·..'···,··";.·8~..-.:.?o".,.os·_·,?ee'.c-.:.
9
0·.,4?,.,,;;

'r~, .~ ~ ~ ~ ~ _~; , _ -, 7; '0_ ~:_ ':' :.:.,~:~~'.::~~~?;:~:.'~'i: ..::_:.,.;~~~ "~~;:',~, ."~,, ~~:·:fr9;~.~~~(1~;~~'~ ::,;,~'.:': ~;: ::·~·;::·:·,~t·;,J}·>.: .:: ~::~;<~::,;~~.:. :":,':-?:;:,,: 9.:.;~;~? ',~.:;: "_ , ,

~~lli:~~~~~;1~?::;·"!'5:::~;{·}'.":";~;; ".. ::.~·:::i\t~~:;·;:6::.::Y~;!~~;~~:>Fr-"j~::: !'/:~<\., ";~~:'~'?'" ,~,".'; ""~~:~~~~',; .... ""c:+d~~~~;

m~1{~:;:~~[~~1£.~f:~?J~?~·~~f;:~r~~~~:~~~,7T;~·:~~3~::~:~~ ~~:;Dl~~~;~~~1:::·t:',;;~;,.:~?:~:t' ',.: ". r~"'I' :~.~.~ :,' .~•.•··d~~~;~~:!>~';'",;\ ::::i;dJ;~~~'
~ti~~f~,;:'i~1RGl:'·;i!9:91~ih'.~¥d.E:::7~-Y::'¥.:~~~Ji~~XZ;::J:! ~::!~~~2~'ij3;,' <l{;:~'i~;;;t,~;;~~:'.(.~·;§~?~;~L?::.'~:~~~~~~·'·'·>;:' '. '~;~:0~~~~i:

tii~i~~~t~~t·.·. ,v:~~t~~;~1j9'i~~":;:::;J,{&~':·'Y5.::tY~::·::·;;:;.; ..~}(~~t: ,'W .,.• ~ 'H1'!'~

ir~~~;:~~l~~~~:t:;~i;~ietri.~iY;, ;··:!::f:~i;~t;,·;;~,:·.•:....:...?~:; x;:~::r::'::''7''~:::\:"':~'';:~ij;~~i':;''\dt~f§1

;g~~:~g~!~~~: incin.~~~ih;i~th~?~ie~ii{' /!:~\:'1:'.,,,,_.$~~~~';~i~~Ji::~;;.; ;. <:,:.;~:;, :":"':~j;::'" ;_~:.:·,;{;;;~::t~~.~~~~L,:'·:x,) 'I, '~'i~~l~:~;:

!~~:~litji~~~I(;~k~~~~'0:~~'~;:~l~3;it~iS;'i~~;;e~fj~·":·i~;:'~&~:'·:~~1?~~~:3~~:J.~;2~,:::j[;?':t:i.r.::;2~~:~":~·'j;;•. ,·.·.':';C'lt~~~~~r:,~;:· . :"~;~ia~·:
Pyrite (FeS2, ore) 3.77e-02 0. 0 0 3.77e-02 1.8Ie-04
:~~~~!~:t{~(~~~E~i~~)'~:~~~~InCXi:;;:;"-;:~·f;~:~~?;f?f~~o~',ij:3:;~;~!.:S7Q:;;':;;~T:;::':T,··fQ7.'"];;~:;;?;;;7'9:·;:'~:;;;':;:1~;9:~~~]7 ..,:~~'.. ' '.~'i'''J:2!~1

;f~~~~:~~~['~.·:0r:... ";, ..:;".!.·7:\:'3.~:"'::t:'f~\!.;,:;·;~:j;5tfi~~~1..~~P~~:CI~~:d~r~1~~~:~d:Y;;~,;\"~t~;~:;~''';';::~~Q~~6~'?';~:f:;~~J~~'i~~i;;,:'~"7:'E:~~f:E~~N~"
Silver (Ag, ore) 4.Sle-IO 0 0 0 4.Sle-IO 2.17e-12
;$.~um~~fu:v~t~'~·"·;;i.:;;··:!·;:d,::,~fy(;:~:t:C:<!\~::'~\:T~~£'~::<:'::':1;4R~;9~;"/"}7:3::I;~~r,F~f;';;"r1{·'s:9:~(;':;E:~~:J14~;Q~f}~l:;;'~~;;~";;~~~~~I
Sodium chloride (NaCl, in ground or in sea) 4.37c-01 6.08e-04 0 1.08e-OS 4.38e"()l 2.lOe-03
~~~;ni~ht~~~~\§':'.:<.::.;IT·;;t;'~Y:~~T':'Y;."';· :~::f€1~~~:i:;::::("E:·'?Ti9:?::';'·~:~;;~=.:]::!:-;;' ;:';t'.~·;~~';"'Q:SS:{s.'g:r~~~~Qr7~~::~! .•'.:~.',i~$!l~!~w.~

i~~!ty~~~~::,p~of~~(\et,,~~r:~;~·.\·~:;a;;~'tt·.~1;';.i;;t;;:i~~,:;_~:?~~f*i~~1:';;::t":~;E::~:'~~;:~~~'~:~,I;;t~:;~::'E~C~!'~~il~~;~{'~~:::':":.~1,:::~~~~~~~

\~~~~(~;i~::di' ;,' ;:"';5;f7:6ilf:ftff~fJf5:$~~~~o~it'('~~J~;i~~f]-~:I?iS f[t'~S:&';·;·J;';C~:~:f:;:Gti1:;.';' .~;·;rii;*~~iI't2:;~:.:':{:&~i~~
Sulfur hexafluoride 1.62e-02 0 0 1.62e-02 7.7ge-OS
is~lki~~i~ •• ··;;~;g7i~~~Qr::::Z~:l:2:'::~Q:':'js3:f:;~';\:A~::I:2~·:-7:~~i~QIj:~TYZC~'""':~;:~~~~

~::::~;~:~:~~~ifi¢ "~':~:i::'.;.·~ri~:,':··:. ..:~::c,i~·!;;:~':;;·<;5.~:~ ;?i'~:·&Ir{.:;::~H~~@'::~ .•·:~'~'C::;·.·lTh~~i>
.,~~~~i~t~!Pit¥;ty~~iiae(' """.';~ ';':,.:~'~' "::,jJ::;Yl~'.~{/;;~,':;[~~il:.,r~:~Il;~;:rr;~~T;:.:;ZE~E::"':i:'a=z~~:~j~di!~~~:~::::~:':'::-,if~~:ita~~:

Tin (Sn, ore) 1.1ge-02 0 0 0 1.1ge-02 S.72e-OS
iioi~~~~,'::;v, ,.. ~. "c/:;,' ';.!".:~;;. ' ;: .·.;;'?1;?;;¥·~e:::;:r:iC}?:lJ~,·;~:;:;,;~~o/~pl~t':~:.';:~ ·~~':"::'~;;:o.':"L::?,f~'~~~~r:Q':l::~':;';~:~~~?=·.·{~:".;:"~C7~;1"f~~~~

.-ri~;:i~1:~~£~~~e~~~#J'..... ..';).~··,};/,;~:r~~~Jt;·':J'''J'~'':;:;f~··~.;:i·;:~:2\'\ i~"~:·{::~2,,·t,2~:;'.7:H~~1::~y;. ~"':;:~'~'~~1~~i
Unspecified LCD process material ("Natural
d~e~.I?~(); .: '._ .'
• J:l\Ill!Jm, (U, o~) ... :, ..

Water
Xyie~e(mJciIi~qiiu:is1
Zinc (Zn, ore)
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Electricity 3.46E+Dl

lfiater !!J"orutWietfoiW i.niIi):
Water 2.63E+02

Energy 6.33E+02

3.16E+02

2.15E+03
• 2 ..

1.44E+o3

J-26
j

I

8.53E+D2

4.25E+02

8.53E+02

.......,

1.62E-Ol 1.20E+03
".f<:,," ....:'?:~ '~';'-:':F-;:~~:~: "..k"~r· ~;<:>4;~·\?:£0;r-~~~~;:t:.t~

-1.80E+Ol 2.82E+03 :

-8.44E+ol 2.84E+03 !
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Table J-13. LCD air emis~ions (kg/functional unit)

J.28
I
I

Disposition Upstream Mfg Use ., '~?~,;,:'o' .,.,:;t:q~;; ,~;t, '. ,.~~!t:::
Air _3,.42e-()4 3.31e-05 0 -3.11e-06, 3.72e-04· l.07e-06

Mr .,J,&~~:.QL, "''',"'," '," .,iL,";", .. ~"_~"Pi'0<;"'~;~;",'~',~~],~2~jj;.9i£[7L:::,,,,~~1.~:;]J~
Air 2.93e-07 5.2Se-07 l.80e-06 -6.58e-08 .2.55e-06 i 7.37e-09

.N,r &;~1£~,~,_iiiA;Qi~,_':=::~,~~j)~;,L:;i,~]]~Q[:I'~~~:~I~~~::::~~i;,J;'~Qf

Z;.,,"".",.li~;~O<'~,~:?~~~L,'::'~:~1:~,;:;:2:':~~!!li~i::i2,.i:::If?!6fM':,L:;-;~;~~;~i;&:if~i:
Air 3.74e~Ol 3.85e-02 . 3.02e-02 ' ...," ,-3.45e-03<4.~ge-Ol . ' .'.'" .',"l.77e-03
Air ,-- - '-9 ... ,n "r'''(),'' ," "=:-:;_:;{:9:Z~~'=,;i~,c:.-iQ,:L:;t;J::'~ili.:~:i;:';,:;:;SIC1Jj9~;I~
Air 1.77e-04 2.0ge-04 6.78e-05 -l.64e-06 4.52e-04. 1.31e-06

Air 6-~~~~Q7 ..iQJ~~9:,~._::,~,:,,~O'"';'i-",)~t~g~-)Q';~,:,::;,:i:~i:&i;;22EJ,';~;~Im~
Air 0 0 0 -6.74e-09 -6.74e-09· -1.95e-ll

~h: .,_, ..J"7~:Q~,,9A~~~Q~, ",>~21,§,~7,~::,'::,'~Ii~~Qj:~:Sj::~~~_cir=:E,;::t:Z~~ITj,Q;~2:
. ,..Air 4.78e-08 2.57e-07 l.97e-06 -5.70e-08 2.22e-06. 6.43e-09

,.. __~ ,_ :6.1()~.~Q2:~.':=::.=:.,P::,:=;~_._=:li=~"~ ~,~~o;JP',,:,2,J&:4~iQt;~,Z:Zl::~~1Z
Air 1.50e-06 2.96e-06 9.07e-06 -l.43e-06 1.21e-05 i . 3.50e-08

"..t\ir----j'.~Q;~O~,.,_ ..•~~ii~:9i .,·,·,i;§i~;Qi,=,,:,.:,,~.¢;Q§;t.~;L:.;tij~;Q[·~1::',';:;L;.,CS'i1Ji;QE
Air 3.77e-IO l.8ge-09 3.81e-09 -l.OOe-lO 5.98e-09· l.73e-ll

.. N,r .. __ .... ""~~~~~:2i,.'-,11,0~.;Q~,::,.:ii4;~Q§.L:,,.wJJg~~Qi[:~,:,.S~,w.~gil~C,L~.::>::{:~l~l~:
Air 8.26e-07 1.15e-06 3.72e-07 -l.65e·08 2.33e-06 6.75e-09

•••• _~" ••• 0- '.'::-.':... :g'._ j,i~~Q~,_ ..~~",.;~~:~:2;~L~L::~:<tS",~:,j[l~-.Q!~z:~:r1~
Air 4.30e-09 2.75e-09 1.77e-07 -5.18e-09 l.7ge-07· 5.l8e-IO

....'." ,N!.. .._..;,., ... _.=::.-=Q" .. i;Q;:Q~" .' •.:,,:::=:=,i~~.:::~E2':;~,lQ;:~,,;,U;~~Qi~·fj;j!;2~~l3:r~
._ ~.__ ....2-,O~~9§_1,9?~~'<>.5. 8.37e-05 -2.44e-06· 9.42e-05' 2.72e-07

'0' ,",.,Q., __,..1~&S.~;.O~ .• "M:~""' •• "j2M::".':~:~;,:Q·,.;~:, ..:.;~~~~£qi"";,2~:::~·_;5;Z,}~1t~£Q11
Air 5.92e-08 3.1ge-07 2.44e-06 -7.l3e-08 2.75e-06' 7.95e-09

'0. Nt:.. ....._i2~c;:Lo. .:i.Q.ii:Q?,._ ,ii~~]~~:=~~ ..1l5c:~li __"I~'Ci,§'~4Ji:~~.:L,;:;E:~4i~~
Air 0; 0 0 -2.82e-IO -2.82e-IO -8.16e-13

.. "..Nt: ." ,2.~5~·91 .. ,~ ,il;;Q~.,·· Ih~;Q§:2·.::;:'jj~:Q12;:...:-~I~~s~{~i~" :,-i::L.j::~Ii~qi!
Air 0 9.26e-05 () 0 9.26e-05. 2.68e-07

., ..M,t:" .-- ... ,",,, ...._.i.:i~i~:~~Q,L,.z-,:,25,:L~::~q:]U. ..L29ii~~o~".~~.~:j2;;:li~~J
Air 3.8ge-08 2.0ge-07 l.61e-06 -4.6ge-08 l.81e-06 5.23e-09

'-~Ah··~'::..__...._.'00' ii~~~Q2-:~,i.~§~i9..··.·. :"::~.~:~:.'Q:.:'~,:·'i7~2!~~LL·3:,,;r;:1~~~iQ9E1;,:: ,~j~.2~~mI~3
Air 1.32e-ll 8.22e-12 2.18e-ll 1.33e-IO 1.76e-lO· 5.08e-13

... ·... ·._,:A4-.. ,.~ •. ' ..·::,·,.-_..·.• §-'Q~;~M::.'~4_~§§k:Q{.:' ..::::~~'!:']E:;~:]:~2~:~~:;:\,.~,:1~5,~lQi:.:;~;:,~YiE:~ ~l~kMl
Air 4.50e-07 0 0 0 4.50e-07 1.30e-09

--·:Ni.~·;'.", ...... §.~i~~i":.4,§.3,~Q2:","N'P:_~:iL:c::. ·5.~:8JJrj:';'··(j;§~:,QK~:,~5!~::X~2·':i~~~~a1~
Air 3.40e-08 1.83e-07 1.41e-06 -4.10e-08 l.58e-06 4.57e-09

Air ,.:.., .....Q..,,;i,iz~-Q~L ..",= .'~:Q.,." ..-:'.;:}}·r:Q~·:.;i:~Siti~~i;:LLJ}I""2~~~1~lij;:
Treatment 0 2.32e-06 0 0 2.32e-06 6.70e-09

Ah-'-- . .~~,~§~~.Q7 ......4A~e~!i?~\.~;.XJ§~~Q.~J::::'.;~:QQf;Q[·~;.LY~!d~~:.Q§;,·;t!" .Lr':iar;~i]J;'~l
Air l.02e-04. 0 0 0 l.02e-04· 2.94e-07

.. AlL.... ... '._ .iI~~.i9.§:~;'Q~L: .j:.O~~Q~ ...~·}:;J;!Z~~9.?'~;:~,;.:2¥§~iQiS:;:!\,:ij::if t}~';:.!:!£l;lq!
Air l.07e-09 6.31e-09 2.50e-08 -6.98e-IO 3.17e-08 9.17e-ll

..... __ Ak.. _ :j':i~~Q2._.i~8~~;Q~ ,.i1i~QL~;\;.:::,:~.;'2J~:lit;~:L:=~:~l~Qi~.:~;i,..::/.?;;::1I:.fi£IQ:
Air 3.78e-08 7.2ge-06 1.38e-09 7.33e-06 2.12e-08

.. , .•.. _, ....... M ..._...... ,__...9.A~c:.:Q.7. ..~__ £i~:<i?.. ····· ......dQ~., ...;·IiQ~~~>in.·}.",6i!~.t~~;Q~':2:U.~. :'::}i;i:i?~~~2,~~QK
Air 2.83e-07 0 0 0 2.83e-07 8.l8e-IO

_~_~ .....J.·Ee:Q? .. ,J,02~4t. '"' i;i~~fQf·.. ,;.~5~.¢)i({:::;"·F,·;r~~~~ '>;/~:·r :::~{~-:!ii:
Air 6.lOe-ll 3.02e-ll 3.48e-ll -7.40e-ll 5.20e-ll l.50e-13

Material

Bulane

J,3,u!CIl.tL...
Cadmium

.Q1!q~\!!JL .
Carbon dioldde

Carbo~ disulfide
Carbon monoltide

Car~n ~~tracll1or!de

Chloride ions

~!o!:i!!.e

Chloroacetophenone

C!I~~[\zel!e. .'
gllorofonn ..

.~!J.1i1!!!1
Chrolllium (llI)
q~qtilJ,ll1(\'1)
Chrysene

9~l'Jt

Copper

C::~·.C!~lI.llt,lIl1~i!ie.~l

C111I1e.lIe
.9I11J!Cll~.~Yd.r9peroxl!lCl ....
•C~1d~(:1)
~~J()9s~_e,._ ,,,. .
Di(2~thylhexyl)phth~late_

Q.i~;Q[a,1J)!Hl!l.!J:!l£.~I1~ ..
[)iehlorobenzene (mixed isomers)

P~hl9.I"()rJ1e.IJ1~ne. .
DIethyl eth~,

P!e~y..1e..!!e.gly~oL_

Dhn,ct!lyls ulfatc

-~L~thYl1>c,[\~thrac;eD ..e
J:)lo.x1ns~ remainingunspeciat¢

.~.!!.c;._ _ , ..
.~lhllnethiol

~1!l.l.lI!QL ...0 " .,._. __ ... "

Ethyl Chloride

.~thy.!!i<:e.~!e .J ..

Ethylacetate

~~Y)~llZclle. ..
I;thylc;!1e

·.IDJ1y!~'!..ec ~ib1:Ql!IJ~e.,

.F1.u~t1lelle

~uoc,c;ll.e ..
Fluoride.

~1l,1l;~!tdesJ~t _... _.,
F111orin~..

~.~~bY!ic" , .....' ..... __
Purans, remaining unspeciated



Air 2.07e-Ol 8.87e-03

J.29

o -1.26e-03 2.15e-Ol
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6.22e-04
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Table J-13. LCD air emissions (kg/functional unit)
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Table J-13. LCD air emissions (kg/functional unit)
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19.09%
100.00%

5.97e+02 :
3.13e+03 i

o
-2.41e+00

o
o

~§7~±90 .. _.".~~~~~±QL_
o 5.97e+02

8.S7e+00 3.12e+03

surface \yater

treatment

~I¢a~ w\lter .~,Z~t::H.".. .ii2J?~d~::~,:~... .,;.~~!L.",.,~.,.J>_ ..,"...~i'zi)~i~2", ....,~:.:,:.J.;i.~;
surfacewat€:r. 0 .... o. . .... 0. •... 1.74e~11. •.... 1.74e-l1: ............•......•.... 1.03E~P

.. siffi:.t~e..\Yll!!:L... J,~~~:M ... c<••• J,I~~:Q~......<.;~;~JL'"::;iidi~.~~:"y';l;i~:9±,:,"'_,::L~:~:QM~
surface water 5.26e-08 :I.82e-11 0 -6.44e-13 5.26e-08 . 3.14E-08

slltface watt:! ..~,1~~Q:~·- ;.. J> ...~ •.9_~,.. ,~·..... 9! ... ~.i;.ad~~;~I. ~~:~··."I~][ihol
surface water 5.08e-1O 0 0 5.08e-1O : 3.03E-I0

surr3.ce water. . ...... i,2~c::~_. ..... .0, .. Q.. .. ·,.;i1~~;g~:·~;:,.;·;:.::~~GRQQ.Qi:~~
surface water 1.77e-07 0 0 0 l.77e-07 : 1.06E-07

surfa.cewa!er ... (j,9Qt:.:Q~ ....._...Q&~~.:9(j._...9 ..:"...~2i.14~~~I." .."C,'",.~,m£;Q;4..Z~:".,;~~,~~~2:J1.Wi~
surface water 4.36e-l0 0 0 0 4.36e-IO .2.60E-I0

!l~~£~.~!l:!=:.. •.ii~~;Q~..~'__,:~~c;c ......JL.,., ..,;.·;.,.~o~O=~:·~i~iI~;Q§ ...=....;;,;~,j:i~:Q4f:0.Z·:;:~:j23:;~J~~
surface water 2.51e-OS ;1.33e-03 0 -4.38e-05 1.31e-03 . 0.0782%

..!l_ll.!i~£~,Yf.~!-er_.~ ...., __-=:.:.:,:.::.JL..:,:~Li~~Ql,.,.··-' -,' :..,.11.,.. ;;,:;". :.}i':~L ... ~..,~r;iil1i~iiri~Lt:~;,i,l"~rL~~1i~i
surface water 8.45e-06 4.25e-09 0 -1.5Ie-l0 8.46e-06 0.0005%

·'~;~;'£~~~~~~=~.~: •.=~:;:.=~~Q=~::.::I:I~;91:._.:;· .. ,~.-':Q ~~::::::~=,.9;, .. ,.,..:..":.Ii;;;;ii7.:,,,:Z LD;~l:~-iii
surface water l.24e-06·. 0 0 5.34e-09 l.24e-06 ' 0.0001 %

,,~~~£~'~~~:'..~ ..='~--:i~§I9~ .._::.:=i;i~~;Qi::~~.=:=:.=.=.li., .•:.:.:iii~.:Q~:.::,.:· .•.,....i~£i-q~:.LLj~~.<,:.:.::.:'i!;OOiq~
surface water 1.86e-04 0 0 0 1.86e-04 0.0111 %

;1ltf':.t,c:e\V3!Ct J:.2.3.~.:p.~.............._, P.,,, _;,; ,.JL ..,;"'lt74c:-H.+,;':.C5,,~~~;:a(E::' ,;',:,';:.L,lES~Q:H5pf%.1
surface water 7.72e-04 2.7ge-02 0 -3.l8e-04 2.83e-02 ; 1.6873%

.. ':__'.:~~~~~~ ..: ' ,.9. ,..::j,i~:Qi _:",.,....j,",.:~:::..;.,::::;.Il..;.).:;:.~j~~~;'1,·".>~.·L.2L~,~IQl~
' ,.. _.., ;::;lt~L _~:1It;;9;.....:.·.:~~~~::~ .. :,;.:.::::,,,~;.;j~ ..,_;,N' ..,.:, ·~., ....•~:dEJ~iiJ::,.,C;"· ,~,~,~~:.;&ii[~

::i:~::;~:; ::·~Ji~~~::~·=::··~~.~-~~ c, .•• ~,,::~~.:.~::.-,'..... '. ~,.. •.... ::::i;~:~~l~ :(:T~:tf;:Z~~i~~:'
surface water 0 1.14e-07 0 0 1.14e-07 : 6.80E-08

sl!tf:.tc~~~~;·-·· J~_8.i~~Q:'···- ·iJ.ii~:.il.':.::-·" r' "r'ir: ':. ;:2,§S,~-J Q." .' ..:i.~9,¢~Q£::::,,·. .·.2>:.a:,niQ.1t
s11!f:icC: ..Yf.ll!e£. 1.37e-03 0 0 0 l.37e-03,.. . 0.0816%

~\!li:lC:C:.\Y!1t~~c ····,,~LQ;; ,:, ..J;l~0{(','; :.:,,;~k?~;iLt.L'~/~i;C1~g~~{I;
surface water 2.6ge-03 0 0 0 2.6ge-03 : 0.1601%

.. ...~~9.;;;;~~r .. .:~,.~~!l~92. . . 0:.·L.. :",:J~,::;:, ;:e'C;:L:JL '1':..··~:?i;~q~:;.,~;~';:':~3;,:::~~~&gr
surface water 2.33e-Ol i;2~~ol'''"' 0 -1.S8e-02 5.2ge-01 : 31.5275%

_.. _....,s~£~~~!£~_ ..._._..:....§.,2~,:QI .... ~ .. ::.;..".:L..Q".~...,,: ..i.;;.;; ·0·... .'~'·,:r'::"~.=Q::,,;.:~:ia~&~Qi.2.:~:I;iE~;;Ei72&Qi
~1lI'facc:.Y.'1l~r.__ . 2.87e-12< ,. 0 0,,),?_4;e,;~1 2.02e-ll ~ 1.21E-11

..~.~ll.c.t:_~~~ ,~~._.. 9 &?*"'Q§. ,;".9· ";.;~Q>,/.i;,~:~.#~M"~,·,,,~,:.~:;;,,:Q]!iQ~:~~
surface water 6.23e-06 3.4ge-09 0 1.80e-09 6.23e-06 ; 0.0004%

;~~£~,;;~~'... .._}:24~.·QL::. iJ;l.;~QI;.,·,.;,,:.:: :.IL.:iiQ~;(l~':.. ,>.L:.·s"i2.~-.91;: ';'i ',,,·.:::L'~;trl}Ai
surface water 7.70e-1O 0 0 0 7.70e-1O 4.59E-IO

.. , ~., ,~I11f~ce~~!~r_ ....' .1·.67~·,9.~o ..,~t2.Q!l~Q~.,o,,,.;",~.Q.:~·,"::;1~i2~~Q,i.,./: i:.:.§,7.Q~[~,i:j.... ,;; ..;~,,1~i1i7i
treatment 0 3.90e-02 0 0 3.90e-02 2.3251 %

~'''':''.~''''.- "c •._;:~, . ~.,.I. . .•-.-._- . "-.:'::,"t.:' ~~Y. :: ';,":.'.,~ .. ",.: '-;~"" '" ":::" ,"':,'_?,,::-.t;i)~~¥,:-I'.. ~

.,.._..s:t!r.f~<;~ ,\Y~~r ",._... ,,_..m, .••9...".,;.~,~?£:(lIL;;.;.X '2:~.¥,.~~~.: ..J ;9;;; .•.:'L:;~;~~~;~~!.:~;:li]:[;.:G;:~;~ii~~:
surface water 0 9.18e-07 0 0 9.18e-07 0.0001%
s~~~o\'/~~~3.80e_06 .'.184e~i() ". ,lY..?; :>.:·~;.Q.!~;!'.i"::"~"~NO.'~.'.~!$ ..:;.i •. ::'SJ:,:~.'. Fl:1i[®Qi.~:

., _ .-.._-'.-~.~•• ".~'-'------- - -,>.. ,.."'"._--_.__ . , ......... _.,." . ,,,-' -"I -.. ~I'.,~- ~•. , ","""."., ..~"' - ·TT· ......

treatment 0 4.28e-05 0 0 4.28e-05 : 0.0026%
I

Total wastewater streams

Material Disposition Upstream Mfg useEo~ T~~':,':~~~f~~~tio~~~
WASTEWATER STREAM
Wastey.ater stream
Wastewater stream

WATER POLWTANTS

l.l,I.Trichloroetl1a~e

1.2-Dichloroethane

~c!(\s&+)

Adsorbable organic halides

Alcohols.
Aldehydes

Alkane (unspecified)
Alkenes
Aluminum (+3)

Alumlnum hydroxide

Ammonia
Ammonia ions

A!ltirnOily ...
Aromatic hYdrocarbons
Arsenic.
Arsenic cmpds

Bariumcxnpds
Barium sulfate,
13enZCD~ ..

Table J-14. LCD water outputs (wastewater and water pollutants) (kg/functional ulllit)

BOD
BOD
Borax

13Qf!l: ~c:id
Boron
·~~-;;n.@ JII)
Cadmium

Ca~umcmpds

CaJcillrn (+2)

qu-b.oI! t.Ctr:1l:hl9ri,<:Ic:
Carbonate ion>--- - -.__ .._. .
~C!.t~(+2).

Chloride ions

Gb.I~~.
Chloroform

_~!lfttml_... . .
Chromlum (llI)

~!!1.ill!J1(VD

<:ob.alt(CO I.,Co 11. Co Ill)

.gl1>...
COD
~on bacillus (bacteria in large
ili!t~~c:),~_ _ '
~9~p~···
t~~"<i-J~.+~t. __
Coppcr(+1 &+2)
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Table JM 14. LCD water outputs (wastewater and water pollutants) (kg/functiQnaR UlIlit)



Table J-14. LCD water out uts (wastewater and water

Total water pollutants' 4.60e-Ol 1.23e+00 2.62e-02 -4.0ge-02

J-35

APPENDIXJ

100.00%
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Table J-15. LCD hazardous waste outputs (kg{functional unit)
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Table J-16. LCD solid waste outputs (kg/functional unit)

Total solid waste l.31E+01 1.26E+01 3.11E+01 -4.42E+00 5.23E+01 100.00%
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Table J-17. LCD radioactive waste outputs (kg/functional unit)

}f!gh!ytlUli~ctiv~ w.aste <<:;lass.9 . __._.~.d.!ilL. 2.72e-06 0 0 0 2.72e-06 • 0.18%

k9~~I';'!'~.~~9t.b:(l~~t.e._ .. h ••• _. I~d.!ilL_,h.__ ".~:I;z~~:,qf:':);7.t~,~:'i:?fi~.·9f:,,':'1~2.!f~~9i>~<;;Zi,i.~ ~~ii:?~,:1;:"~D~"};;~t:ih~:~~
R,a~~cti"'.(l,\\'lISkI ~1!!1SP.ec.ifi_el!) ... )!!!!@!!.. . 5.77e-06 0 0 0 5.77e-06 : 0.39%

:.Uranium. depleted landfill ,. - . .. ~-O' ."iii~~04 .' >i.97e::04':'·r:I7g~f08:~{ ,." ...."3~b9~~~I:,:; ;.""\P:;:'2b~~j~

Total radioactive waste I.37e-04 4.87e-04 8.52e-04 I.62e-07 I.48e-03 100.00%
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Lcad-210 (isotope) air 321e-Ol 0 0 0 3.21e-01 : 7.99E-09

l'4anganese.54 (isotope) air O. ?Q3e-o.~ .?:eQ~:Q~~_.~!:Q.!.t:'QR".~·I~%1ii.; .....~"",.~•.::-.~'~~:J6·
Manganese-54 (isotope) surface water 3.07e-03 0 0 0 3.07e-03 ' 7.65E-ll

Mansanese-54 (isotope) . treatmllnt.O... 5.:.31e+()() 9.:~~ettoo }:7.?e~O~ .. ,..... i1i~t9i., .: .. :~2...1§§jd>L
Molybdcnum-99 (iSOIOpe) treatment, ~~ .!:..()}ll-:':O? 1.76e+07 3.35e+03 2.77e+07 : 69.0936%
N~lu.nium-237(1~~oPl:) laI!@lI ."},~5..l::':QL. .~L. . ..... ' ...i~~~±9I,::,:~,,;~"L,~j;~QQ9i1>]
Niobium-95 (isolope) air 0 1.20e-04 2.11e-04 4.00e-08 3.31e-04 8.25E-12

:Ni~I~JA:?5(is.Qtope.) ,tI:e.a!!I!eE,t.._,,",, .._,.Q,., l.~.7~:':QQ•. 2:4i~_qQ.,":.,..t!,~Zfl.:~ ... :,~ •..iii±i~9~:.~.,2""L.;.::L2Jlj~:
Palladium-107 (isotope) , landfill 1.04e-02 0 0 0 1.04e-02 2.58E-10

Plutc?n}u11!:2.39J!soto~) . Ja!!ci.fi!L ?:Ee.:':Q4..",", Q".~"._._.~.,"•....JL,_,."~j.1?;tQ1",:.."."....,..",,,.,:Q~f~ ,
Plut~ium-240 (isotope) landfill. 5.()8.e,+04. 0 0 0 5.08e+04 0.1267%

Plllt()ni\.llll-241 (isotpl'~) )a,nd!illU,~l:;I'07 .,.. ' P. .Q.....,...JL,. :i!ilEiQl_,.:.L.",~~2ii,;
Plutonium-242 (isotope) landfill 1.92e+02 0 0 0 1.92e+02 0.0005%

.-~"'" •. ~. • • "" '_ •. -_. ~... -- ',,":'".:C""·' "'''-, _ ..";.••• ,,, .. :.,_.. >1,,,·· "., "." .,,· ..>-,.·...~:.:c':.:'., !:-~

,PoIOlliuJA-21 O. (i~O!OIl.e) .. . . ... .... air .S.5,2e:f)1. . .__ . ,0. __..._... .0JL.H ....?56!:~QL.,,~" ••.",.:..__:;."'_,~
.~~~ium-40 (i~otOJle) air~:57e-l:l2.; 0 0 0 8.57e-02 2.14E-09

J~~llleti.!!iI1Il1~2.3.4,,<i~o!C>Jl<?t. .....--.. air ...._~,.o.~~:9.3._".o..~, .,.,.'~...Q..... ,.c .!L__"H.1:.9~:9i~._., __.;~.;:: •.:._I~
.rrPt.ac.tilliul11::2.3.4{is.otoPt:). ..____ __ ..~.~.c~~'!.tl:r .._2,3~l::<>,2. 0 0 0 9.36e-02 2.33E-09

~~~~!h'lill~~91~ lIEt!.'E.I.ogCI!~(~p~iti,~L~____ .' .. ~,8Je:Q~ "-i:~~:",-~:~~~Q,"",_ .:Q. __ ._J..~J~:Qi.; ..;;,_.,,,,__:=..:~:Uiii]il
radlpacgve gasJulI~pecifi~) 8.98e+02 0 0 8.98e+02 0.0022%

gJl~Joacti.v_C.SU,?~IIU~£e.'<'!.l1~P ..C£jfiE~), ," ~ .. "", .. __:j~9~~Q:.1,~~:±Q!._.""._""""_."" __JL,_:1,?.7.~±QQ:."L~i::U;~:L '"'"~__.:.:Ji.m~
.=:;~;C2~~;:~r(~~~"~!:e~)._..... ._.-:~~:~~e~~~t~:..'.ii§~:;'.='.~~~.~~i~:""·,....'.:_~~.9:.:=.~:~::~:~~~t··.~.~~i~~ ::,.:..=,c2z:i~~
RlIdlllm-224 (isotope) .s,\!Iface ~a~r 2.97e-01; 0 0 0 2.97e-01 ' 7,40E-09

·~I_4iI1II1:22.~__(i~o!~) air _, ."".4j1~:o.i' 0 .•,..__ . 5>:Q,::,"""1,3.i~·~i2.:~',".":,,"Ll&i&Qi
glldlum-2~6 (isotop.c) landfill 2.44e+02 0 0 O' 2.44e+02 0.0006%

.Ba4!~.~?~.(!~'!t9~>" .._,, .. .' _~!Iff~l:.~!I.!e!. ... }.~Q.e±Q~, ..Q.. . ......JI.,. ,. " .. '",Q...~.•",l,&.Q~t ..," :~::Q~~l
RII~I,IIl1~~2.s.<isotop.e) . air 4.23e-02 0 0 4.23e-02 1.05E-09

B!~llEtf~.~J~()lC?P;C)._ ._ .. . _."".__ .~l,l![a~_~.aJ.e,L ~:9Al:.~()i"'.~ 9.. __ ~.JL.... .. ".,.,9" :~,~~llL, ..~"w,;,w",.!~~j~ .
~~o!!:2.2_()(is()t()Pll).. .2·2~.e-g1.; ,(). .. .., '. ~ O.9:93.e-Ot~_,.,. ~:4.?g~o~ _.
~g~~~2..(I~.ll.t~)_ . .... .... __ "". . .. 1l.i!.,, __. .4.,3.Qc:±Q1,.. ____.__,__Q__", ..,._~ 0 5> ... ;.. 1t~.Q~±9.4.... ".:~..:,',;.,."...Q;1Q:lJ$.><~
g.1,I~1~..llIl1~8~ (~s.~t.gJle) air O. I.I2e+00 1.96e+00 3.72e-04 3.08e+00 . 7.678-08

.~!1.t!J.ett!~~~~Q.3. (i§.9t9EeL ....~ .'.:=:.==:~;~~~.':'=='::::~~,: __=q ... i~!l.~~i)i· __j-,2~~()i ... ,:,,5,~,~c:~9.5.. .::,..,.A:,R~:9J".,_ .......-';._;"",.l,15E-,Q§.
Samarium·15~ (IS.OIOpe) landfill 4.25e+Or 0 0 0 4.25e+01 0.0001%

~~~uIl1~1?J~()t~~>. landfilli,31e~0~, ,.i.: .. ,.Q:"..,..",~.~:Q.,.. ..,~.I~J~~QL ...~ ;"":~:~,:~Jl:
§Uvcr~ll<)M (lsoJolle) '!k..... 0 3.5ge-06 6.2ge-06 I.Ige-09 9.88e-06 2,46E-13

§llyc:~:1JQM,,<i~~.e). ,._.s\!Ifac..e.."!''!!CE..,?:2.1l:~Q2.:~': ..:," __.:o.:''',:.::'.::::.:':9__ ::'':.. ,:..:.Q,.,'_L2Jid;Q2.., .." ...;;. ·jt@.i~~
~.i!Y!=1":lIOM(isol.ope) ._,. ___. treatI!!C:II!.. 0 1.96e+00 3,43e+00 6.52e-04 5.40e+00 1.35E-07

§94i~~:MJl~oto[lf?L .. "'... , ._.....~ . .!J:~!J!:l:e.!!L. "',o:'2~i~~Qi'--:~;~i~;9i- :'.i~~,~-Q~."I::,: ;~:,2.?~1lL.." .,.>."T]::i~~iQ]:
.§~tium-8?J!sotp.£e) _.. ._... ,tr.c:<!.tII1t:nt 0' 3.23e-OI 5.65e-01 l.07e-04 8.88e-OI 2.21E-08

":§~t!~:~(isot5lpet ..•.__ "". .__ .._ ....I~<if!!I...... ~~.8.~~:tOl:.· ..:'-'··-Q"'·:,::.:.:~,.,.:'9:.:~.".::,,,:1, :·';·6,:~~t.gi;,: ..;;,,-,,".. ;::::~C.9;'Q1Z1~5
.S!rOllti_um-!){)(isol()pe).tr.~l!l1e.nt. 0 7.5ge-02 l.33e-01 2.52e-05 2.0ge-01 . 5.21E-09

~lrQ9ti.uJA·9~ (i~~to,pe). ,"".... .. .,". __.tr.~~c:.I!! __ .O:'..8j~~:Qi ..i~!i;;:;:go"· .. 2:i~~-04"" '.,..2:.~~.:.:, .' •.:,:::..:Il4i-9I.
Sulfur-136 (iso!op'e).,"_" ...tr~,~e.n,t__ 0 1.80c-01 3.15e-01 5.9ge-05 4.96e-OI 1.24E-08

Tc:cJm.~w.n:~~ ..(ls()~oJl<?L .... "'d,.aiE...0: "i.6i~~~: j:~3.~=()~ .5.36e:Q2 . i~:Q~.~,,:..~·:,":;·,::.,iImtQ.
Tcc!l:J1cti.um.~99lv1.(is()l()pe) I~d.fi!I .•..,"", . 1.40e+00 0 0 0 1.40e+00 3.S0E-08

T~!,l!l~.I,I,!!t:~~t<I~.llt.oPs).. ...~~t:IlL., "'"'"'i:J.E.e:QL,,2.:.o,s,e.~oi .,e.~~c:-9~- .::~;~~;Qi;.;; ,;.:~ ;,;;.~~:8:'p3B:Q2~
:.I'!t.C!i.u~~2"~8Jis()t()pe) air..... ,.,". 3.57e-02 0 0 0 3.57e-02 8.89E-IO

'Th<!!!!J!1:2.~~ __(I~t ....~l!Ef~~c: ?'*E ..j.:i~~;Q():.. .,.. q.o..' ... ·G~~±P<i:~,'";?;,.:.,;.,i~~Qi,
.!!J~llll:l.-~()_(I.s()t()Jll':) air 7.31e-02 0 0 0 7.31e-02 1.82E-09

The9I1.~;:~.Q(i~).. . .. "' ..._'" ..."' .....J~~!L .'···i~1~X. , ..,,0."9. '. Q'. .?,~;Qi,·· );.9;@Q§~'

Table J-18. LCD radioactivity outputs (Bq/functional unit}
Material Disposition Upstream Mfg 'Use EQL Total %or li'n1cti;:r

1rotal '
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Table J-18. LCD radioactivity outputs (Bq/functional unit)

.i~~~~;~~"@~~~~' .,.,:>': ··.. ~,,~;f~;~;i;t.~{~ji;~i~~1wi:7.e~:' ..::~~~:~;. :.,.. .. :~i§:T T,:,c:':.'i~~~:'·::·:~!~~~~i,':~7"','}::_~itl~~

~~~i~~i~l~i;~~·::;E;.:"E··:. ...;;.: '";;:~b~;~~~f ....•. '. ,,~~r~~~~-.·~~Jc2:]~~:~E·r.~·~·'.:.~X~·,'2:;~'~~~~T~·::~i~~§~.:~'·:·(7~'\:::~~~~~i~~

~~;Hi:ii~~~];h/:N: .··c· ,.. , •.• , •..:,•.: ·';::L~iiij:};:';\?,: ..~;19~~~~'·}'7f~~~~,~: ..::·2T~:'.~,~.:?~fu~~'·:;:d~*~~~~?I~·:···.:::.:.i~~];~i~
:.;&t:~;~fi~~~~~-'fir' '.' ..... :;;~;:/""""':""7'·!~~~~;~~i~~· ••·,;;j;,lr~~';}~~.~:~~~:·::.:,~;j;:~-~~Jr~~¥~".~~":,.j1~~·:.·~'~~~;~ ;i:!t~~~i~~
Tritium-3 (isotope) treatment 0 5.96e+04 1.04e+05 1.98e+Ol 1.64e+05 0.4091 %
t,y~~~~~~4.:;(i,s,~~~:~).' :.···.~·?t: .•• :., ·"··{;#~c;fii!~~:t,;~,.",:O'··eFr·:"if'~·:·~,~?:·r~?1l"";~:~~~t~!¥i~"::(':~:::'::~::'f~r!H;Q~~
Uranium-234(isotope) landfill 1.51e+02 0 0 0 1.51e+02 0.0004%

Yraffi~rri~i~4fi~~~p~)·•... ~" ·:;:.;?\,:_·;r~~:2~'i:\~··;:)it~~'~~t:4· .'~:Q~e+QO'······· ·;~'.':;r:':"~'i'>~"·~I.'=';'~Z[Z:r.~:.;To"i~±QQ;:,:-:?'~;::~:7'adI~~s;

~~~~Hl;[~~~}:· .:" ·.·'.:?I:'o:;·;-:;'CF:r·~I!~~~Jijr::'Cl" ··.'7;"r,i:#~~.·;~'~::.;"~; 'T~.'.:-c~t':~::"·;;T;~~i7'·?~~i~~:·!~~'':M'7~~-:mi~l~

~i~~~H:~~~;.; .. ··.!::·:~'.~:·Z~~;·?~;':~22il:~~~~~~:~it!:~~~~k;",R':~·~~iT;~'~"r.~~~Z~;'7~";~~;.L3~H~~L:',··"; ...:.:·.~..,~J:,;~i;
Uranium-238 (isotope) landfill 4.23e+Ol 0 0 0 4.23e+Ol 0.0001 %

·Jt~~~~[~I~~~iJ1)":·,:::'·'::·C~;;jE~~:::"~-::D,:sHific~\¥i\iT?.'J§O¥~.O.•.=?:j:·'SV:""'~2::):WI·T;:,~:.r,29?I-~-~ !l~~-=::.';i;:~I'~A~
Xenon-131M (isotope) air 0 4.60e+02 8.06e+02 I.53e-Ol 1.27e+03 0.0032%

m~[~;!~[~119B;FT:':;TE?:~:'·)7:.··r:~T·::'r:.l!~~~t7;;":~':~:'Ii;':';:::~:'§{f#±p]:,?:I,~?;Q~~:~:-~2;o!~~I:':::"TIim9I'~'.!:~~f::~':r':"9~0'2Q!!!~""
Xenon-133 (isotope) air 7,63e+02 4.98e+03 1.16e+05 2.21e+01 1.22e+05 0.3045%

~~~{~i{i.~i~~~r:t··';;0'!;';'~?~~~;18::;T'7~@~*J:;rf'S';:.~;\~;=~~r&f~~~3:c.~t~:~~:~±~fi;~:;<;~;t~~'-~' .•':~&~-,':'?,;c:~":~l~~8,m~
~;~~~i~~~~~~7:;\~,";7";~T:,'~;lj~'i~~:c;';:"'~",s;r;';~=~i~~1':'~ri~f~l~JT~1l1~~~7'~'~~i;1~~~::?'~':~-':"~:~~
mN1t;~;~~i.'-I·:~Cr'.;::'ir,·'7:;·'·: ..:t~@~¥L .."'.;'F:"'~··.·.':·.~~':.R~~1:",,r~~:,~·:~t~~~~7'T':",i~~tl~~"~:,'=': •.~;y;::~~~~
~;~;J,~~~~~t;:~":, ..;"=;~~~77,,, •.··.···~·-==~·S=,:;Z"'·'·?~C)""::·'~.}:~~·'7M~~':;~¥~~~":=:~1*~~7~·~'~ •.,~:~fI~~
~I~~\:~j~Q~P~f:::,::",t~;·::{f~7:;'i~~r~cii~t-, ..::.';=.,.~f"~~T~{~:~::~}~!~~~.1J:[C:~=9je~~~~:,~~:'~?1~~b,'::;:~~~:rli~r
Zirconium-95 (isotope) air 0 3.11e-04 5.44e-04 1.03e-07 8.55e-04 2.13E,11

~fu'¥~i;[j"T~~.':{f(;tai't~di~a~tlYit:YOufutits';·· .,;.' '." .' ·'I;ZOe+07fi'.02e+07...·1.7ge+tr7' Y:§.40e+Of ······4Jlle+07 ·····:100%:
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Table K-1. Fuel conversion factors
Fuel Heat Value (H) Reference Density (D) (kg/L) Reference

(MJIL)

Fuel oil # 2 (distillate) 36.739 (1) 0.843 (2)

Fuel oil # 6 (residual) 38.579 (1) 0.944 (2)

Fuel oil # 4 (average # 2 & # 6) 37.659 (1) 0.894 (2)

Liquified natural gas (LNG) • 21.185 '(3) . 0.412 (4)

Liquified petroleum gas (LPG) 23.276 (1) 0.542 (2)

Natural gas 0.034 (5) 7.58x 10-4 (6)

• At -260 0 F;, 1 ft 3 of liquid methane =630 ft 3 of gaseous methane.

References:
1. Davis, S.c. 1999. Transportation Energy Data Book, Edition 19. 1999. Center for Transportation Analysis, Oak Ridge
National Laboratory, ORNL 6958, Appendix B, Table B1. Oak Ridge, Tennessee. September.
2. Energy Information Administration(EIA) 1999. International Energy Annual 1997. U.S. Department of Energy. DOElEIA
0219 (97), Washington, DC. April.
3. Natural Gas Vehicle Quick Reference Fuel Guide. http:\naturalfuels.com\quick_reCfueCguide.htm. Downloaded 8/25/00.
4. Perry, RH. and Green, D. (Eds.) 1984. Perry~s Chemical Engineer's Handbook, 6th Edition, page 9-14. McGraw Hill, Inc.,
New York, NY.
5. Based on: Wang, M. 1999. The Greenhouse Gases, Regulated Emissions, and energy Use in Transportation (GREET) Model,
Version 1.5. Argonne National Laboratory, University of Chicago.
6. Calculated from: Perry, R.H. and D. Green (Eds.) 1984. Perry's Chemical Engineer's Handbook, 6th Edition, page 9-15, Table
9-13, and p. 9-16, Table 9-14. McGraw-Hill, Inc., New York, NY.
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Table K-2. Global warminl! Dotentials (GWP)
Chemical • Synonym CAS # GWp a

carbon dioxide CO2 124-38-9 1
trifluoromethane HFC-23 75-46-7 I 11,700
difluoromethane HFC-32 75-10-5 650
methyl fluoride HFC-41 593-53-3 ! 150
1,I,I,2,2,3,4,5,5,5-decafluoropentane HFC-43-lOmee20.8 138495-42-8 1300
pentafluoroethane HFC-125 354-33-6 2800
I,I,2,2-tetrafluoro-l,2-diiodoethane HFC-134 359-35-3 i 1000

I,l,I,2-tetrafluoroethane HFC-134a 811-97-2 , 1300

l,l-difluoroethane HFC-152a 75-37-6 , 140
1,1,2-trifluoroethane HFC-143 430-66-0 300

I,I,l-trifluoroethane HFC-143a 420-46-2 3800
1,1,1,2,3,3,3-heptafluoropropane HFC-227ea 431-89-0 2900

l,I,l,3,3,3-hexafluoropropane HFC-236fa 690-39-1 6300

1,1,2,2,3-pentafluoropropane HFC-245ca 679-86-7 560

sulfur hexafluoride sulfur·hexafluoride 2551-62-4 23,900

carbon tetrafluoride perfluoromethane 75-73-0 6500

hexafluoroethane/Freon 116 perfluOfoethane 76-16-4 9200

octafluoropropane perfluoropropane 76~19-7 7000

decafluorobutane perfluorobutane 355-25-9 7000

cyclooctafluorobutane perfluorocyclobutane 115-25-3 8700

dodecafluoro-pentane perfluo~opentane 678-26-2 7500

tetradecafluorohexane perfluorohexane 355-42-0 7400

methane methany 74-82-8 21

nitrous oxide nitrous bxide 10024-97-2 310
,

• IPCC's 1995 GWP estimates, IOO-year time horizon. Because of the difficulties in calculating indirect effects ofCFCs and halons, no
indirect values were included. .
Source: Houghton el al. 1996.

K-2
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• Source: HelJungs et al. 1992.
~ Listed in Title VI of the 1990 Clean Air Act Amendments (CAAA).
C Class I substance as listed in Title VI of the 1990 CAAA..
d Class II substance as listed in Title VI of the 1990 CAAA. (Additional Class III substances'listed in the CAAA but not listed here
currently have no ODP data.)
• Weight ratios, compared to CFC-11 =1.
"-" represents no data.

Table K-3. Ozone deDletion Dotentials (ODP
Chemical Synonym(s) CAS # Ozone Depletion Potential e

ODpa ODp b

1,1, I-trichloroethane C methyl chloroform 71-55-56 0.12 0.1
1,2,2-trichloroethane C methyl chloroform 79-00-5 -- --
CFC-ll C trichlorofluoromethane 75-69-4 1 1.0
CFC-113 C trichlorotrifluoroethane 76-13-1' 1.07 0.8
CFC-114 C dichlorotetrafluoroethane 76-14-2 0.8 1.0
CFC-115 C (mono)chloropentafluoroethane 76-15-3 0.5 0.6
CFC-12 C dichlorodifluoromethane 75-71-8 1 1.0
CFC-13 C chlorotrifluoromethane 75-72-9 1 1.0
CFC-ll1 C pentachlorofluoroethane 354-56-3 -- 1.0
CFC-112 C tetrachlorodifluoroethane 76-12-0 -- 1.0
CFC-211 C heptachlorofluoropropane N/A -- 1.0

CFC-212 c hexachlorodifluoropropane 76564-99-3 -- 1.0
CFC-213 c pentachlorotrifluoropropane 2354-06-5 -- 1.0

CFC-214 c tetrachlorotetrafluoropropane 2268-46-4 -- 1.0
CFC-215 c trichloropentafluoropropane 4259-43-2 -- 1.0

,CFC-216 c dichlorohexafluoropropane 661-97-2 -- 1.0
CFC-217 c monochloroheptafluoropropane 422-86-6 -- 1.0
CHF2Br HBFC-22B1; bromodifluoromethane 1511-62-2 0.74 --

, carbon tetrachloride C tetrachloromethane 56-23-5 1.08 1.1

HALON-1201 -- -- 1.4 --
HALON-1202 difluorodibromomethane 75-61-6 1.25 --
HALON-1211 c bromochlorodifluoromethane 353-59-3 4 3.0
HALON-1301 c bromotrifluoromethane 75-63-8 16 10.0

HALON-2311 -- - 0.14 --
HALON-2401 -- -- 0.25 --

HALON-2402 C dibromotetrafluoroethane 124-73-2 7 6.0

HCFC-123 d 2,2-dichloro-l,1,I-trifluoroethane 306-83-2 0.02 0.02

HCFC-124 d 2-chloro-l,I,I,2-tetrafluorethane 2837-89-0 0.022 0.02

HCFC-141b d 1,I-dichloro-l-fluoroethane 1717-00-6 0.11 0.1

HCFC-142b d l-chloro-l,l-difluoroethane 75-68.3 0.065 0.06

HCFC-22 d chlorodifluoromethane 75:45-6 0.055 0.05

HCFC-225ca d 3,3-dichloro-l,1,1,2,2-pentafluoropropane 442-56-0 0.025 --
HCFC-225cb d 1,3-dichloro-l,1,2,2,3-pentafluoropropane 507-55-1 0.033 --
bromomethane c methyl bromide 74-83-9 0.6 0.7..
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Table K-4. Photochemical oxidant creation potentials (POCP)
ChemicaIIMaterial Synonym(s) CAS # Pocpa

I, I, I-trichloroethane methyl chloroform 71-55-6 0.021

1,2-dichloroethane ethylene dichloride 107-06-2 0.021

acetone -- 67-64-1 0.178

acetylene -- 74-86-2 0.168

alcohols b -- : N/A 0.196
aldehydes b - N/A 0.443

benzene -- , 71-43-2 0.189

caprolactam aminocaproic lactum 105-60-2 0.761

chlorophenols b -- 20-05-3 0.761

crude oil b -- 8002-05-9 0.398
CxHyb hydrocarbons N/A 0.398

CxHy aliphatic b aliphatic hydrocarbons N/A 0.398

CxHy aromatic b aromatic hydrocarbons N/A 0.761

CxHy chloro b chlorinmedhydrocarbons N/A 0.021

dichloromethane methylene chloride 75-09-2 0.021

diethyl ether ethyl ether 66-29-7 0.398

diphenyl biphenyl 92-52-4 0.761

ethanol ethyl alcohol 64-17-5 0,268

ethene ethylene 74-85-1 1

ethylene glycol -- 107-21-1 0.196

ethylene oxide - 75-21-8 ' 0.377

formaldehyde. -- 50-00-0 0.421

hexachlorobiphenyl 2,2',4,4',5'5'-hexachloro-1,I-biphenyl 35065-27-1
I

0.761

hydroxy compounds b -- N/A 0.377

isopropanol isopropyl alcohol; 2-propanol 67-63-0
,

0.196

ketones b -- N/A 0.326

methane -- 74-82-8 0.007

methyl ethyl ketone MEK 78-93-3 0.473

methyl mercaptan -- 74-93-1 0.377

naphthalene -- 91-20-3 0.761

non methane VOC b -- N/A 0.416

PAH b PAC; polycyclic aromatic hydrocarbons N/A 0.761

pentane -- 109-66-0 0.408

petrol b gasoline N/A 0.398

phenol -- 108-95-2 0.761

phthalic acid anhydride phthaliC anhydride 85-44-9 0.761

propane -- 74-98-6 .0.42

propene propylene 115-07-1 : 1.03

propionaldehyde propanal 123-38-6
,

0.603
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Table K-4. Photochemical oxidant creation potentials (POCP)
ChemicaJIMaterial Synonym(s) CAS # POCp-s

styrene < vinyl benzene . 100-42-5 0.761

terpentine b -- N/A 0.377

tetrachloromethane carbon tetrachloride 56-23-5 0.021

toluene
.

108-88-3 0.563--
trichloroethene trichloroethylene 79-01-6 0.066

:vinyl acetate -- 108-05-4 0.223

vinyl chloride -- 75-01-4 0.021
Source: Heijungs et al. 1992.
"-" represents no data.
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Table K-5. Acidification potentials (AP)
Chemical Synonym(s) CAS # AP'

ammonia NH3 7664-41-7 ; 1.88 b

hydrochloric acid Hel 7647-01-0 0.88 b

hydrofluoric acid hydrogen fluoride, HF 7664-39-3 1.6 b

nitric oxide NO 10102-43-9 1.07 b

nitrogen dioxide NOz 10102-44-0 0.7 p
..~

nitrogen oxides NOx N/A ; 0.7 b

sulfur dioxide S02 7446-09-5 1 b

sulfur oxides SOx N/A 1 b

sulfur trioxide S03 7446-11-9 0.80 c

nitric acid HN03 7697-37-2 0.51 c

sulfuric acid H2SO4 7664-93-9 0.65 c

phosphoric acid H30 4P 7664-38-2 0.98 c

hydro~en sulfide H,S 7783-06-4 1.88 c

• Ratios per equal weights, compared to S02' SOx = 1 for emissions to air.
b Source: Heijungs et al. 1992. .
• Source: Hauschild and Wenzel 1997.
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Table K-6. Eutrophication potential nutrient enrichment chemicals
ChemicallParameter - Synonym CAS # Epa

(releases to water)

COD chemical oxygen demand N/A 0.022 b

ammonia NH3 7664-41-7 0.33 b

ammonium ion NH+ N/A 0.33 b4

total nitrogen N N/A 0.42 b

phosphate P04•3 N/A 1.0 b

total phosphorus P N/A 3.06 b

nitrate N03- NA O.lO e

• Ratios per equal weights, compared to phosphate = 1.
b Source: Heijungs et at. 1992.
C Source: Lindfors et at. 1995.
NOTE: Eutrophication potentials for releases to air are available but not used in this methodology because partitioning between air and
water phases is not considered in this methodology.
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Table K-7. Odor threshold values (OTV)

Chemical .Synonym(s) CAS # OTV (mglm3).

acetaldehyde ethanal 75-07-0 0.00027 •

acetic acid succinate 64-19-7 0.061 •

acetonitrile methyl cyanide 75-05-8 <67 b

acetophenone acetylbenzene 98-86-2
i

1.5 b

acrolein 2-propenal 107-02-8
I

0.069 •

acrylic acid propenoic acid 79-10-7 I
0.27 b

acrylontirile vinyl cyanide 107-13-1 3.4 b

ammonia NH3 7664AI-7 1.0·

aniline -- 62-53-3 38 b

benzene -- 71-43-2 108 b

benzyl chloride alpha-cWorotoluene 100-44-7 , 0.21 b

1,3-butadiene butadiene 106-99-0 1 b

butanal butyraldehyde 123-72-8 0.00084 •

butanoic acid butyric acid 107-92-6 '0.00035 •

I-butanol butyl alcohol, - 71-36-3 0.077 •

2-butanone methyl ethyl ketone 78-93-3 0.68 •

n-butylacetate -- 123-86-4 0.031 •

butylacrylate -- 141-32-2 0.0015 •

n-butylpropionate -- 590-01-2 0.086 •

carbon disulfide CSz 75-15-0 0.18 •

carbon tetracWoride tetracWoromethane 56-23-5 884 b

carbonyl sulfide carbon oxysulfide 463-58-1 0.25 b

chlorine -- 7782-50-5 0.23 b

2-chloroacetophenone phenyl chloromethyl ketone 532-27-4 ,0.1 - 0.7 b

chlorobenzene -- 108-90-7 Lon

chloroform tricWoromethane 67-66-3 650 b

m-cresol 3-methylphenol 108-93-4 0.00022 - 0.035 b

cumene isopropylbenzene 98-82-8 0.04 b

decaline veraline (-)form 14727-56-1 I 2.8 u

P-dichIorobenzene 1A-dicWorobenzene 106-46-7 0.73 b

dichloromethane methylene chloride 75-09-2 640 "

diethylamine -- , 109-89-7 , 0.09 •

dimethylamine -- 124-40-3 0.0014·

1,2-dimethylbenzene o-xylene 95-47-6 0.78 •

1,3-dimethylbenzene m-xylene 108-38-3 0.54"

1,4-dimethylbenzene p-xylene 106-42-3 0.52 •

1,1-dimethylhydrazine N,N-dimethylhydrazine 57-14-7 15 - 65 b

dioxane lA-diethylene dioxide; lA-dioxane 123-91-1 2.9 b

I
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Table K-7. Odor threshold values (OTV)

Chemical Synonym(s) CAS # OTV(mglm3)

ethanal acetaldehyde 75-07-0 0.00027 8

ethanethiol ethylmercaptan 75-08-1 0.000044 8

ethanol ethyl alcohol 64-17-5 0.64 8

ethyl acetate -- 141-78-6 2.1 8

ethyl acrylate -- 140-88-5 0.00082 8

2-ethyl-5,5-dimethyl-1,3-dioxane -- -- .0.0000056 8

ethyl but)Tate -- ·105-54-4 0.00003 8

ethylene diChloride 1,2-dichloroethane 107-06-2 25 b

ethylene oxide oxirane 75-21-8 470 b

ethylthioethane diethylsulfide 352-93-2 0.0014 •

hydrazine -- 302-01-2 3.9 - 5.2 b

hydrogen sulfide HzS 7783-06-4 0.00043 •

isopentylacetate iso-amylacetate 123-92-2 0.075 8

isophorone 3,5,5-trlmethyl-2-cydohexenone 78-59-1 l.1 b

isopropylbenzene cumene 98-82-8 0.073 8

isopropylpropionate
.

637-78-5 0.32 8--
methanal formaldehyde

..
50-00-0 0.49 8

methanethiol methyl mercaptan 74-93-1 0.00024 •

methanol methyl alcohol 67-56-1 5.5 b

methyl acetate acetic acid 79-20-9 22 8

methylamine -- 74-89-5 0.0012· .

3-methylbutanoic acid isovaleric acid 503-74-2 0.00022 8

methyldi.thiomethane dimethyldisulfide 624-92-0 0.0015 8

methyl hydrazine -- 60-34-4 1.9 - 5.7 b

methyl methacrylate 2-propenoic acid 80-62-6 0.2 b

4-methylpentanon-2 methylisobutylketone, MIDK 108-10-1 0.4 b

o-cresol 2-methylphenol 95-48-7 0.0018 •

m-cresol 3-methylphenol 108-37-4 0.00057 •

p-cresol 4-methylphenol 106-44-5 0.00018 •

2-methylpropanoic acid isobutyric acid 79-31-2 0.005·

2-methylpropanol-1 isobutanol 78-73-1 0.035 8

2-methylpropene isobutene 115-11-7 15 8

methyl acrylate 2-propenoic acid, methyl 96-33-3 0.01 8

methyl propionate - 554-12-1 3.5 8

methylthiomethane dimethylsulfide 75-18-3 0.0003 8

naphthalene -- 91-20-3 0.2 b

nitrobenzene -- 98-95-3 906 b

pentanal valeraldehyde 110-62-3 0.0024 8
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Table K-7. Odor threshold values (OTV)

Chemical Synonym(s) CAS # OTV(mg/m3)

phenol -- 108-95-2 0.039 a

phosphine -- 7803-51-2 0.014 - 2.8 b

propanal propionaldehyde 123-38-6 0.0035 a

propanoic acid propionic acid 79-09-4 0.0052 a

2-propanon acetone 67-64-1 72 a

2-propenal acrolein 107-02-8 0.069 a

propionaldehyde 2-propynal 123-38-6 0.003 a

propylene dichloride 1,2-dichloropropane 78-87-5 1.2 b

propylene oxide methyloxidrane 75-56-9 24 b

pyridine -- 110-86-1 0.12 a

quinoline -- 91-22-5 28 b

styrene vinylbenzene 100-42-5 0.068 a

styrene oxide 1-phenyl-1,2-epoxyethane 96-09-3 0.3 b

tetrachloroethene perchloroethene; tetrachloroethylene 127-18-4 8.3 a

l,l,2,2-tetrachloroethane acetylene tetrachloride 79-34-5 50 b

terephthaloyldichloride terephthalic acid dichloride 100-20-9 0.0032"

toluene methylbenzene 108-88-3 0.6 b

trichloroethene trichloroethylene 79-01-6 3.9 a

l,l,l-trichloroethane methyl chloroform 71-55-6 5.3 a

2.4,6-trichlorophenol '- 88-06-2 0.00016 b

triethylamine -- 121-44-8 l.l b

trimethylamine -- 75-50-3 0.00026 a

l,2,4-trimethylbenzene pseudocumene 95-63-6 0.14 a

l,3,5.trimethylbenzene mesitylene 108-67-8 0.18 a

vinyl acetate -- 108-05-4 0.4 b

glycol ethers -- N/A 0.3 b

3-methylindole skatole 83-34-1 O~l b

polycyclic organic matter -- N/A 0.074 b

·Source: Roos C. 1989 (as cited in Hiejungs et al. 1992).
b EPA 1992. Reference Guide to Odor Thresholdsfor Hazardous Air Pollutants Listed in the Clean Air Act Amendments of1990.
Washington, DC. EPAl6001R192/047.
NOTE: When values were available from both sources, the lower value was used.
"-" represents no data. .
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Chronic Aquatic ecotoxicity

Material oral SF inhal SF WOE oral inhal oral inhal fISh fish
,Cas# (mglkg- (mglkg- (EPA & NOAEL(b) NOAEL LOAEL LOAEL LC50 NOAEL

day)"l day)"l IARC)(a) (mglkg-day) (b) (b,c) (b,c) (mgIL) (mgIL)
(mglm3

) (mglkg-day) (mglm3
)

71-55-6 1,1, I-trichloroethane -- -- -- 2,50e+02 1.21e+03 X X 48,0 7,0

1,2-dichlorotetrafluoroethane (CFC
76-14-2 114) -- -- -- 2,73e+02 X X X XX XX

106-99-0 1,3-butadiene X 1.8 B2,2B X 2.80e+03 X X 4.0 1.0

96-48-0 1,4-butanolide X X 3 X X 100 X XX XX

107-98-2 I-Methoxy-2-propanol - - - - - - X 658 X X XX XX

872-50-4 1-Methyl-2-pyrrolidinone (NMP) -- -- -- X X X 40 XX XX

2-(2-butoxyethoxy)ethanol (glycol
112-34-5 ether) - - - - - - X X 24 X XX XX

124-17-4 2-(2-butoxyethoxy)ethyl acetate - - - - -- 1000 X X X XX XX

540-84-1 2,2,4-trimethylpentane (Isooctane) -- -- -- - - - - - - -- XX XX

51207-31-9 2,3,7,8-Tetrachlorodibenzo Faran 1.50e+04 1.50e+04 3 -- - - -- -- XX XX

1746-01-6 2,3,7,8-Tetrachlorodibenzo-p-Dioxin 1.50e+05 1.50e+05 I 9.00e-08 X X X XX XX

121-14-2 2,4-Dinitrotoluene 0.68 X
~

B2 0.2 X X X 24.0 6.0

532-27-4 2-Chloroacetophenone -- -- .- X X X 1.0 XX XX

111-15-9 I 2-ethoxyl ethylacetate XX XX-- -- -- -- -- - - --
91-57-6 2-Methylnaphthalene -- -- -- -- -- - - -- XX XX

138526-69-9 3,4,5-trifluorobromobenzene -- -- -- -- -- - - -- XX XX

348-61-8 3,4-difluorobromobenzene -- -- -- -- -- -- -- XX XX

56-49-5 3-Methylcholanthrene -- -- -- X X 2.86 X XX XX .
82832-73-3 (d) 4-(4-propylcyclohexyl)cyclohexanone -- -- -- -- -- -- -- XX XX

106-41-2 4-bromophenol -- -- - - -- -- -- -- XX XX

123-07-9 4-ethylphenol -- - - -- -- -- -- -- XX XX

14938-35-3 4-pentylphenol -- - - - - -- -- -- -- XX XX

70-70-2 4-propionylphenol -- -- -- -- -- -- -- XX XX

3697-24-3 5-Methyl chrysene (category: PAH) X X 2B -- -- -- -- XX XX

83-32-9 Acenaphthene (category: PAH) -- -- -- 175 X 350 X XX XX

208-96-8 Acenaphthylene (category: PAH) X X D - - - - -- - - XX XX

75-07-0 Acetaldehyde Y 7.70e-03 2B 125 300 X X 34.0 9.0

64-19-7 Acetic acid -- -- -- 195 X X X XX XX
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Chronic Aquatic ecotoxicity

Material oral SF inhalSF WOE oral inhal oral inhal fish fISh
Cas # (mg/kg- (mg/kg- (EPA & NOAEL(b) NOAEL LOAEL LOAEL LC50 NOAEL

dayyl dayyl IARC)(a) (mg/kg-day) (b) (b,c) (b,c) (mg/L) (mg/L)
(mglm3) (mglkg-day) (mglm3)

67·64-1 Acetone X X D 100 X X X 720 180

98·86-2 Acetophenone -- -- -- 423 X X X XX XX

74-86-2 Acetylene -- - - -- -- -- -- - - XX XX

107-02-8 Acrolein X X C,3 -- -- -- -- XX XX

No CAS # Aluminium (A13+) -- -- -- -- -- .. -- 3.6 0.36

7429-90·5 Aluminum (AI) X X SARO 60 X X X XX XX

1344-28-1 Aluminum oxide" -- -- -- -- -- -- -- XX XX

7664-41-7 Ammonia . - -- -- 34 40 X X 2,0 9.00e-02

1341-49-7 Ammonium bifluoride -- -- -- 5.10e-02 X X X XX XX

7789-09-5 Ammonium Dichromate X X Al -- -- -- -- XX XX

12125-01-8 Ammonium Fluoride - - - - -- - - -- - - - - XX XX

1336-21-6 Ammonium hydroxide -- -- -- -- -- -- -- XX XX

1113-38-8 AriunoniurilOxalate -- -- -- -- -- -- -- XX XX

6009-70-7 Ammonium Oxalate Monohydrate -- -- -- - - -- -- -- XX XX

628-63-7 Amyl Acetate (mixed isomers) -- - - -- -- -- -- -- XX XX

120-12-7 Anthracene (category: PAR) X X SARI 1000 X X X 0.01 --

7440-36-0 Antimony (Sb) -- -- -- X X 0.35 X 14.4 1.6

7440-38-2 Arsenic (As) 1.5 50 A 8.ooe-04 X X X 14.4 2.1

"20-01-9"
Arsenic compounds [Arsenic (As3+,

1.5 X A,l 8.00e-04 X X 32.0As5+)] X 2.0

7440-39-3 Barium (Ba) -- -- -- 0.21 X X X 580 50.0

513-77-9 Barium carbonate X X D 0.21 X X X XX XX

"20-02-0" Barium compounds [Barium (Ba++)] X X D 0.21 X X X I 200 10.0

7727-43-7 Barium Sulfate X X D 0.21 X X X - - --
100-52-7 Benzaldehyde -- -- -- 143 X X X 27.0 XX

71-43-2 Benzene 0.055 0.029 A,I 1.0 1.15 10 98 19.0 4.0

56-55-3 Benzo(a)anthracene (category: PAR) 0.73 0.31
... B2

- - -- -- - - XX XX

50-32-8 Benzo(a)pyrene 7.3 3.1 B2,2A -- -- -- -- XX XX

Benzo(bj,k)fluoranthene (category:
56832-73-6 PAR) X X B2 -- -- -- I -- XX XX

191-24-2 Benzo(g,h,i)perylene (category: PAR) X X D -- -- - - -- x.x XX



TableK-8. Chemicals in the CDP inventory classified as potentially toxic

Chronic Aquatic ecotoxicitv

Material oral SF inhal SF WOE oral inhal oral inhal fIsh fIsh
Cas # (mglkg- (mglkg- (EPA & NOAEL(b) NOAEL LOAEL LOAEL tcso NOAEL

day)"l day)"l IARC)(a) (mglkg-day) (b) (b,c) (b,c) (mg/L) (mg/L)
(mglm3

) (mglkg-day) (mglm3
)

205-99-2 Benzo[b)fluoranthene 0.73 0.31 B2 -- -- -- -- xx xx
100-44-7 Benzyl chloride 0.17 X B2,3 - - -- -- -- XX XX

7440-41-7 Beryllium (Be) 4.3 ·8.4 X X X X 5.50e-04 XX XX

92-52-4 Biphenyl (category: PAR) X X SARO 50 X X X 2.0 0.12

68611-71-2 (d) Blue phosphor (ZnS) -- -- -- -- - - -- -- XX xx:
1314-98-3 Blue phosphor (ZnS:Ag:A1) -- -- -- -- -- -- -- XX XX

1303-96-4 borax -- -- -- -- -- -- -- XX XX

11113-50-1 boric acid -- -- -- 67 X 62.5 X -- --
No CAS # Boron (B III) -- - - -- 8.8 X X X 113 27.0

7440-42-8 Boron· (B) -- -- - - 8.8 X X X 113 27:0

7726-95-6 Bromine -- -- -- -- -- -- -- XX XX

75-25-2 Bromoform 7.90e-03 3.90e-03 B2 17.9 X X X XX XX

74-83-9 Bromomethane [Methyl bromide] X X C,3 0.4 4.3 X X 11.0 3.0

7440-43-9 Cadmium (Cd) X 6.1 B1,1 X X 4.00e-02 2.20e-02 0.001 0.001

Cadmium cmpds (as CdCl2)
"20-04-2" [Cadmium (Cd++)] X X B1,2A 5.00e-03 X X X 0.1 - -
75-15-0 Carbon disulfide -- -- -- X 10 X X 694 174

630-08-0 Carbon monoxide (CO) -- -- -- X 114.5 X 55 XX XX

56-23-5 Carbon tetrachloride 1.30e-01 5.30e-02 B2,2B 1 34.3 X X 41.0 5.0

No CAS # Cerium (Ce++) -- -- -- - - -- - - - - -- --
1306-38-3 Cerium oxide -- -- -- X X X 5.0 XX XX

No CAS # Cesium (Cs++) -- -- -- -- -- -- - - -- --
75-72-9 CFC 13 -- -- -- -- -- -- -- XX XX

7782-50-5 Chlorine (Cl2) -- -- -- 14.0 X X X 0.34 0.02

1341-24-8 Chloroacetophenone -- -- -- -- -- -- -- XX XX

108-90-7 Chlorobenzene X X SARO 12.5 377 X X 17.0 2.0

67-66-3 Chloroform 6.10e-03 8.10e-02 B2,2B X X 12.9 X 71.0 18.0

16065-83-1 Chromium (Cr III) X X D 1468 X X X 3.3 0.33

7440-47~3 Chromium (Cr) X X 1 -- 52.0 ~ 5.2-- -- --
1333-82-0 Chromium oxide (chromium trioxide) X X D 1468 X X X XX XX

18540-29-9 Chromium, hexavalent X 41 A,l 2.5 X X X 22.6 2.23
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Chronic Aquatic ecotoxicity

Material oral SF iohal SF WOE oral inhal oral inhal fISh fISh
Cas # (mglkg- (mglkg- (EPA & NOAEL(b) NOAEL LOAEL LOAEL LC50 NOAEL

day)·1 day}"1 IARC)(a) (mglkg-day) (b) (b,c) (b,c) (mgIL) (mgIL)
(mglm3) (mglkg-day) (mglm3)

218-01-9 Cluysene (category: PAH) 7.30e-03 3.10e-03 X -- -- -- -- XX XX

No CAS # Cobalt (Co I, Co n. Co Ill) -- -- -- -- -- -- -- -- --
7440-48-4 Cobalt (Co) -- -- -- -- -- -- -- XX XX

7440-50-8 Copper (Cu) X X D 5.30e-Ol X X X 1.40e-02 4.00e-03

No CAS # Copper (Cu+. Cu++) -- -- -- 5.30e-Ol X X. X 1.40e-02 4.00e-03

9065-82-1 cresol-formaldehyde resins -- .. -- -- -- . - -- XX XX

98-82-8 Cumene X X SARO 154 537 X X 6.0 0.49

80-15-9 Cumene hydroperoxide X X SARI X 31 X X 62.0 16.0

57-12-5 Cyanide (CN) X X D 10.8 X X X 56.0 5.7

110-82-7 Cyclohexane X X SARO X 1500 X X 5.0 0.39

Di(2-ethylhexyl)phthalate
117-81-7 [ Bis(2-ethylhexyl)phthalate] X X B2,2B 50 50 X X 1.0 0.08

53-70-3 Dibenzo(a,h)anthracene 7.3 3.1 B2 -- -- -- -- XX XX.

25321-22-6 Dichlorobenzene (mixed isomers) X X SARO X 610.4 X X 1.0 0.05

75-71-8 Dichlorodifluoromethane (CFC 12) - - -- -- 15 X X X XX XX

Dichloromethane (Methylene
75-09-2 chloride) 7.50e-03 1.65e-03 B2,2B 155 796 X X 330 83.0

68334-30-5 Diesel fuel X X C -- -- - - -- XX XX

60-29-7 Diethyl ether (Ethyl ether) -- -- -- 500 X X X XX XX

111-46-6 Diethylene Glycol -- -- -- 1250 X X X XX XX

68-12-2 Dimethyl formarnide -- -- -- X X X 7.9 XX XX

77-78-1 Dimethyl sulfate X X Bl.2A -- -- -- -- XX XX

57-97-6 Dimethylbenzanthracene -- - - -- X X X 1.40e-02 XX XX

67-68-5 di-methyl-sulfoxide - - -- - - X X 1.0 X XX XX

122-62-3 Dioctyl Sebacate -- -- -- 200 X X X XX XX

60-00-4 Edetic Acid (EDTA) -- - - -- -- -- -- -- 473 240

74-84-0 Ethane
-

XX XX- - - - -- -- -- -- --
75-08-1 Ethanethiol [Mercaptans] -- - - -- - - -- - - -- XX XX

141-43-5 ethanol amine - - -- -- 320 X X 12.7 XX XX.
75-00-3 Ethyl chloride X X 3 X 3600 X X 16.0 4.0

100-41-4 Ethvlbenzene X X SARO 136 2370 X X 11.0 1.0



Table K-8. Chemicals in the CDP inventory classified as potentially toxic

Chronic Aquatic ecotQxicity

Material
oral SF inhal SF WOE oral "inhal oral inhal fish fish

Cas # (mglkg- (mglkg- (EPA & NOAEL (b) NOAEL LOAEL LOAEL LC50 NOAEL
day)"l day)"l IARC)(a) (mglkg-day) (b) (b,c) (b,c) (mg/L) (mg/L)

(mglm3) (mglkg-day) (mglm3
)

74-85-1 Ethylene X X SARO X 11600 X X 14.0 3.0

106-93-4 Ethylene dibromide 85 7.60e-Ol B2 -- -- -- -- XX XX

107-06-2 Ethylene dichloride 9.10e-02 9.lOe-02 B2,2B 18 221 X X 136 34.0

Etoxy Naphtol Sulphonic Acid
unknown (ENSA) -- -- -- - . -- -- -- XX XX

No CAS # Ferromanganese (Fe, Mn, C) -- -- - - -- -- -. XX XX

206-44-0 Fluoranthene (category: PAH) X X D 125 X X X XX XX

86:73-7 Fluorene (category: PAH) X X D 125 X X X XX XX

16984-48-8 Fluoride -- -- -- -- -- -- - - -- --
No CAS # Fluorides (F·) -- -- -- 6.00e-02 X X X - - --
7782-41-4 Fluorine (F2) -- -- -- 6.00e-02 X X X XX XX

Fluorocarbon resin
9002-84-0 [Tetrafluoroethylene (C2F4)] X X 3 -- -- -- .- XX XX

50-00-0 Formaldehyde (CH20) X 4.50e-02 Bl,2A 15 0.6 X X 24.0 6.0

No CAS # Fuel Oil #2 (distillate and diesel) -- -- .- -- -- -- -- XX XX

No CAS # Fuel Oil #4(distillate and residual) -- -- -- -- -- -- -- XX XX

No CAS # Fuel Oil #6 (residual) -- -- -- -- -- -- XX XX

111-76-2 glycol ethers [2-butoxy ethanol] X X C,3 203 121 X X 1,490 373

unknown Green Phosphor (ZnS.Cu.Al) -- -- -- - - -- - - -- XX XX

68611-68-7 (d) Green phosphors (ZnS) -- -- -- - - -- - - . - XX XX

75-63-8 Halon 1301 -- -- -- - - -- - - XX XX

75-45-6 HCFC22 -- -- -- X 5,260 X X XX XX

422-56·0 HCFC-225ca -- -- .. - - -- - - -- XX XX

507-55-1 HCFC-225cb -- -- -- - - -- -- -- XX XX

142-82-5 Heptane (n-Heptane) X- X D 1,000 X X 1,630 XX XX

67-72-1 Hexachloroethane 1.40e-02 1.40e-02 C,3 1.0 X X X 1.0 0.35

999-97-3 Hexamethyldisilazane (HMDS) - - - - - . -- -- -- -- XX XX

1l0·54·3 Hexane -- -- -- X X X 73 2.5 0.25

354-33-6 HFC 125 -- -. -- X 2.45e+05 X X XX XX
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Chronic Aquatic ecotoxicitv

Material oral SF inhaISF WOE oral inhal oral inhal fIsh fish
Cas # (mg/kg- (mg/kg- (EPA & NOAEL(b) NOAEL LOAEL LOAEL LCSO NOAEL

day)"! day)"! IARC)(a) (mg/kg-day) (h) (h,c) (h,e) (mgIL) (mgIL)
(mglm3) (mg/kg-day) (mglm3)

302-01·2 Hydrazine 3 17 B2 -- .- -- -- 4.83 0.48

7647-01-0 hydrochloric acid X X 3 X 15 X X 19.0 0.95

7664-39-3 Hydrofluoric acid (hydrogen fluoride) -- .- -- .. -- .- .- 265 13

74-90-8 Hydrogen Cyanide X X SARO 10.8 X 30 7.07 1,385 346

7722-84-1 Hydrogen Peroxide X X 3 -- -- -- -- XX XX

7783-06-4 Hydrogen Sulfide -- -- -- 3.1 X X 15 XX XX

7790-92-3 Hypochlorous Acid .- -- -- -- -- -- -- -- --
Indeno(l,2,3-cd)pyrene (category:

193-39-5 PAH) 7.30e-Ol 3.10e-Ol B2 -- -- -- -- XX XX

50926-11·9 Indium tin oxide (ITO) -- -- .. -- -- -- . - XX XX

123-92-2 Isopentyl acetate (Amyl Acetate) .- -- -- -- -- -- -- XX XX

78-59-1 Isophorone 9.50e-04 X C 150 X X X XX XX

67-63:0 Isopropyl alcohol X X - I 230 268.3 X X 8,623 2,156

637-78-5 Isopropylpropionate -- -- - - -- -- -- - - XX XX

7439-91-0 Lanthanum (La) -- -- -- - - -- -- -- XX XX

7439-92-1 Lead (Pb) X' X B2,2B -- -- -- -- 31.5 0.004

Lead compounds (as PbCI2) [Lead
"20-11-1" (Pb++, Pb4+)] X X B2,2B - - -- -- -. 5.0 0.26

1317-36-8 Lead oxide X X B2 -- -- -- -- XX XX

7446-14-2 Lead sulfate cake X X B2 -- -- -- - - 60.8 6.08

NA Liquified petroleum gas (LPG) -- - - - - -- -- -- -- 2600 260

NA Lithium Salts (Lithine) - - -- -- - - -- - - -- - - --

NA ILNG (Liqnified natural gas) l.- I.. -- I.- -- -- - - x.x X.x
7439-96-5 Manganese X X D 0.14 X X 0.15 - - - -

Manganese cmpds (as MnCI2)
"21-12-2" [Manganese (Mn II, Mn IV, Mn Vll)] X X D 0.14 X X 0.15 150.0 8.0

7439-97-6 Mercury (Hg) X X . D,3 X 6.00e-03 X 9.00e-03 0.155 0.005

Mercury cmpds (as HgC12) [Mercury
noCAS# (Hg+, Hg++)] v X f'V X 0.226 X 0.155 0.005.l>. '- .l>.

74-82-8 Methane (natural gas) - - -- - - -- -- -- -- XX XX

67-56-1 Methanol X X SARO 500 130 X X 29,400 7,350

74-87-3 Methvl chloride 1.30e-02 6.30e-03 C,3 X 1138.4 X 1550 550 . 138
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Chronic Aquatic ecotoxicity

Material
oral SF inbal SF WOE oral inbal oral inhal fish fISh

Cas # (mg/kg- (mg/kg- (EPA & NOAEL(b) NOAEL LOAEL LOAEL LC50 NOAEL
day)"l day)"l IARC)(a) - (mg/kg-day) (b) (b,c) (b,c) (mgIL) (mgIL)

(mglm3
) (mg/kg-day) (mglm3

)

78-93-3 Methyl ethyl ketone X X D 125 8047 X X 3,220 805

60-34-4 Methyl hydrazine 3 17.2 A3 -- -- -- - - XX XX

80-62-6 Methyl methacrylate X X SARO 7.5 111.7 X X 259 65

1634-04-4 Methyl tert butyl ether X X SARO 100 2880 X X 786 197

7439-98-7 Molybdenum (Mo) -- -- -- X X 0.14 X 157 0.125

Molybdenum cmpds [Molybdenum
noCAS# (Mo II, Mo ill, Mo IV, Mo V, Mo VI)] -- -- -- -- -- -- -- 157 0.125

7803-62-5 Monosilane Gas -- - - -- -- -- -- -- XX XX

110-91-8 Morpholine X X 3 X X X 36

91-20-3 Naphthalene X X C 71 X X 9.3 6.0 0.59

79-15-2 N-bromoacetamide (NBA) -- -- -- -- -- -- - - XX XX

123-86-4 N-butyl acetate [Butyl acetate] -- -- -- X X X 210 XX XX

7440-00-8 Neodymium (Nd) -- -- -- -- -- -- -- XX XX

7440-02-0 Nicker(Ni) X 'Pc A 5 X X X 2.48 0.09

Nickel cmpds (as NiC12) [Nickel
"20-14-4" (Ni++, Ni3+)] X X A,l -- - - - - -- 27 1.0

14797-55-8 Nitrates -- -- -- 1.6 X X X 2,213 213

7697-37-2 Nitric Acid -- -- -- -- -- -- -- 26 1.0

14797-65-0 Nitrites (N02-) -- -- -- 1.6 X X X 225 1.0

10102-44-0 Nitrogen Dioxide -- -- - - -- -- -- -- 196 19.6

7783-54-2 Nitrogen fluoride (nitrogen trifluoride) -- - - -- -- -- -- -- XX XX

noCAS#" Nitrogen Oxides (NOx) -- -- -- -- -- -- -- XX XX

10024-97-2 Nitrous oxide -- " -- -- -- -- -- -- XX XX

10043-35-3 orthoboric acid •. -- -- -- 67 X 62.5 X XX XX

95-47-6 o-xylene X X D 179 X X X 16.0 2.0

608-93-5 Pentachlorobenzene X X DX X 8.3 X XX XX

87-86-5 Pentachlorophenol X X B2 3 X X X XX XX

109-66-0 Pentane X X D -- - - -- -- XX XX

7601-90-3 Perchloric acid -- - - -- -- -- -- -- XX XX

76-16-4 Perfluoroethane (Hexafluorocarbon) -- -- -- X X X 1.17e+06 XX XX

75-73-0 Perfluoromethane (CF4) -- -- -- -- -- -- - - XX XX
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Chronic Aquatic ecotoxicity

Material oral SF inbalSF WOE oral inbal oral inbal ilSb ilSb
Cas # (mg/kg- (mg/kg- (EPA & NOAEL(b) NOAEL LOAEL LOAEL LCSO NOAEL

day)"l day)"l IARC)(a) (mglkg-day) (b) (b,c) (b,c) (mgIL) (mgIL)
(mg/m3) (mglkg-day) (mg/m3)

10450-60-9 Periodic Acid -- -- -- -- -- -- -- XX XX

No CAS # Petroleum -- -- -- -- -- -- -- XX XX

85-01-8 Phenanthrene (category: PAH) X X D -- -- -- -- XX XX

108-95-2 Phenol X X D,3 60 X X X 34.0 8.0

98-67-9 Phenolsulphonic Acid -- -- -- -- -- -- -- XX XX

57583-54-7 (d) Phosphate ester, plastic components -- -- -- 1300 X X X XX XX

7803-51-2 Phosphine gas -- -- -- 0.026 0.25 X X XX XX

7664-38-2 phosphoric acid -- -- -- X 50 X 180 70.0 4.0

7723-14-0 Phosphorus X X D 1.50e-02 X X X 0.02 ~-

1314-56-3 Phosphorus Pentoxide - - -- -- -- -- -- -- -- --
NA PM [particulates, total] -- -- -- -- -- -- -- XX XX

NA PM-I0 [Particulates < 10 microns] -- - - -- -- -- -- -- XX XX

1336-36-3 Polychloriniated biphenyl (PCB) X" X· B2,2A 7.00e-03 X X X 3.0 0.14

9016-45-9 Polyethylene mono(nonylphenyl)ether
glycol [Tergitol NP-33 (glycol ether)] -- -- -- 1000 X 67.5 X XX XX

9002-89-5 Polyvinyl alcohol X X 3 -- -- -- -- XX XX

9003-39-8 Polyvinyl Pyrrolidone (pVP) X X 3 550 X 5500 X XX XX
,

25134-01-4 PPE[Pillyphen~eneethe~ - - -- -- -- -- -- -- XX XX

123-38-6 Propionaldehyde X X SAR3 X 200 X X 44.0 11.0

115-07-1 Propylene X X SARO X 9375 X X 5.0 1.0

108-32-7 Propylene carbonate - - -- -- -- -- - - -- XX XX

57-55-6 propylene glycol -- -- - - X 170 X X XX XX

propylene glycol monomethyl ether
acetate [1-Methoxy-2-propyl Acetate

108-65-6 (glycol ether)] -- -- -- - - - - - - - - XX XX

129-00-0 Pyrene (category: PAH) X X D 75 X X X XX XX

68784-83-8 (d) Red phosphors - - -- - - - - -- -- -- XX XX

NoCAS# Red phosphors (Y202S.Eu) -- -- -- - - -- -- -- XX XX

No CAS # Rubidium (Rb+) -- - - -- -- -- -- . - - - - - -

7440-20-2 Scandium (Sc) -- -- -- - - - - -- -- XX XX

7782-49-2 Selenium (Se) X X D 1.50e-02 X X X XX XX

I
I

i
i'



TableK-8. Chemicals in the CDP inventory classified as potentially toxic

Chronic Aqnatic ecotoxicity

Material oral SF inhal SF WOE oral inhal oral inhal Ush Ush
Cas # (mglkg- (mglkg- (EPA & NOAEL(b) NOAEL LOAEL LOAEL LC50 NOAEL

day)"! day)"! IARC)(a) (mg!kg.day) (h) (h,c) (h,c) (mgIL) (mgIL)
(mglm3) (mglkg-day) (mglm3)

7440-21-3 Silicon (Si) -- -- -- -- -- - - -- XX XX

7440-22-4 Silver X X DX X 1.40e-02 X 4.00e-03 0.001

noCAS# Silver compounds [Silver (Ag+)] X X DX X 1.40e-02 X 12.0 0.001

10588-01-9 Sodium Dichromate X X 3 X X 0.18 0.25 XX XX

2151247 Sodium DichromateDihydrate (VI) -- - - -- -- -- -- -- XX XX

sodium dihydrogen phosphate
13472-35-0 dihydrate -- - - -- - - - - -- - - XX XX

7681-52-9 Sodium Hypochlorite X X 3 2.1 X X X XX XX

7681-57-4 Sodium Metabisulfite X X 3 -- - - -- -- XX XX

7775-27-1 Sodium Persulfate -- - - -- -- . -- -- -- XX XX

No CAS # Strontium (Sr 11) -- -- - - 190 X X X -- --

7440-24-6 Strontium (Sr) -- -- -- 190 X X X XX XX

1633-05-2 Strontium carbonate - - -- -- 190 X X X XX XX

100-42-5 Styrene X X C,2B 100 565 X X 4.0 0.44

7446-09-5 Sulfur dioxide X X 3 X 0.104 X X XX XX

2551-62-4 sulfur hexafluoride -- -- - - - - -- - - -- XX XX

noCAS# sulfur oxides (SOx) -- -- -- -- -- - - -- XX XX

7664-93-9 sulfuric acid X X 1 X 0.1 X X 31.0 2.0

10124-29-5 Sulfuric acid, aluminum salt - - -- -- X X 154 X XX XX

127-18-4 tetrachloroethyiene 5.20e-02 2.00e-03 B2,2B 14 740.2 X X 17.0 2.0

109-99-9 Tetrahydrofuran (fHF) - - -- -- 782 0.2 X X XX XX

Tetramethyl ammonium hydroxide
75-59-2 (TMAH) -- -- -- -- -- - - -- XX XX

7440-28-0 Thallium (TIj -- -- -- -- -- -- -- XX XX

7440-29-1 Thorium (Th) X X A -- -- -- -- XX XX

7440-31-5 Tin (Sn) -- -- - - - - -- -- -- 626.0 62.6

No CAS # Tin (Sn++, Sn4+) -- -- -- -- -- -- -- 626.0 62.6

7440-32-6 Titanium X X CX 0.8 1146 X - - --
7550-45-0 Titanium tetrachloride - - -- - - X 9.00e-03 X X 25.0 1.0

108-88-3 Toluene X X D,3 100 411.1 X X 34.0 4.0

1025-15-6 triallyl isocyanurate -- -- -- -- -- - - -- XX XX



Key:
(a)=See Table 3-3 in Section 3.1.2.12 for a description ofWOE classifications.
(b)=only lowest value of the NOAEL (or LOAEUIO) is used to calculate chronic, non-cancer effects
(c)=LOAEL only needed ifno NOAEL found
(d)=CAS # was provided by a company, but could not be confirmed.
XX=aquatic toxicity data not needed because there are no waterborne releases of this chemical in the CDP LCIs.
X=data not needed because other data are provided to calculate impact score (e.g., LOAEL not needed ifNOAEL provided, and WOE used ifSF not available).
SARO=not a probable carcinogen based on structure-activity relationship (SAR) evaluation.
SARI=possible carcinogen based on SAR evaluation.
- :=no data available, defaulted to mean hazard value (see Section 3.1.2.12 for an explanation of hazard values).
Sources:

Oral and inhalation slope factors (SF): IntegratedRisk Information System (IRIS) or Health Effects Assessment Summary Tables (HEAST) (EPA, 1994) as cited in
Risk P,-ssessment Information System (RAIS): htlp://risk.Jsd.oml.govlrap_hp.shlml.
Weight ofEvidence (WOE): IRIS Web site (htlp://www.epa.govIIRIS). ,
Oral no observable adverse effect level (NOAEL), inhalation NOAEL, oral lowest obserable adverse effect level (LOAEL) and inhalation LOAEL:
IUCLID, 1996; HEAST, 1994; Kincaid and Geibig, 1998; EPA, 2000a; SRC, 2000; EPA, 2000b; Geibig and Swanson, 2000; Sax and Lewis, 1987;
NI0SH, 1978; EPA, 1984; and EPA, 1987.
Fish LC50 and fish NOAEL: EPA, 2001; HSDB; Davis et al. 1994, Appendix E; and Geiger et aI., 1984, 1985, 1986, 1988, 1990.
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Chronic Aquatic ecotoxicity

Material oral SF iohal SF WOE oral inhal oral inhal fish fish
Cas # (mglkg- (mglkg- (EPA & NOAEL(b) NOAEL LOAEL LOAEL LC50 NOAEL

day)"1 day)"! IARC)(a) (mglkg-day) (b) (b,c) (b,c) (mgIL) (mgIL)
(mglm3

) (mg/kg-day) (mglm3
)

79·01-6 trichlorocthylene (TCE) 1.10e-02 6.00e-03 B2,3 24 586.6 X X 44.0 8.0

75-69-4 Trichloronuoromethane (CFC I i) -- -- -- x X 349 X xx xx
1330-78-5 Tricresyl phosphate -- -- -- -- -- -- -- XX XX

112-27-6 Triethylene Glycol -- -- -- X X 1200 X 8.81e+04 8,810

115-86-6 Triphenyl phosphate -- -- -- -- -- -- -- XX XX

7440-33-7 Tungsten (W) -- -- -- -- -- -- -- XX XX

1344-59-8 UPs (yellowcake) -- -- -- -- -- -- -- XX XX

7440-61-1 Uranium(U) X X Al 0.2 X X X XX XX

7440-62-2 Vanadium (V) -- -- -- 3.00e-03 X X X XX XX

No CAS # Vanadium (V3+, V5+) -- -- -- -- -- -- -- -- --
108-05-4 Vinyl acetate ;X X SARO 100 176 X X 100 25.0

75-01-4 Vinyl chloride 1.4 3.08e-02 A,I X 6.98e+04 X X 143 36.0

1330'-20-7 Xylene (C24H30) [mixed isomers] X X D 179 X X X 13 \.0

7440-66-6 Zinc (Zn) X X D 0.9 X IX 9.00e-02 0.036

No CAS # Zinc (Zn++) -- -- -- -- -- -- - - 17.0 --
14940-68-2 Zircon sand [Zircon (Zr)] - - - - -- -- -- . -- - - XX XX

7440-67-7 Zirconium (Zr) - - - - -- 3,494 X X X XX XX
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Tabne K-9. List of Materials Excluded from Toxic Classification
CAS# Material Reason for Exclusion a

NA ABS plastic judgment

21645-51-2 Aluminium Hydroxide (Al(OH)3) GRAS

10043-01-3 Aluminium Sulfate (Al2(S04)3) ,GRAS

10043-01-3 Aluminum Sulfate (Al2(S04)3) GRAS

7440-37-1 Argon (Ar gas) judgment

1302-78-9 Bentonite (Al203.4Si02.H20, in ground) judgment

NA BOD (Biological Oxygen Demand) judgment

106-97-8 Butane (n-C4H10) GRAS

25167-67-3 Butene (1-CH3CH2CHCH2) judgment

7440-70-2 Calcium (Ca) judgment

No CAS # Calcium (Ca++) judgment

10043~52-4 Calcium Chloride (CaCI2) judgment

1305-62-0 Calcium hydroxide [Ca(OH)2, hydrated lime] judgment

7778-18-9 Calcium Sulfate judgment

124-38-9 Carbon Dioxide (CO2) judgment

NA Carbonate ion [Carbonates (C03--, HC03-, CO2] judgment

NA COD (Chemical Oxygen Demand) judgment

16887-00-6 Chloride (CI-) judgment

1318-74-7 Clay (in ground) judgment

NA Dissolved solids - judgment

No CAS # Dolomite (CaC03.MgC03, in ground) judgment

26265-08-7 Epoxy resin (pC Board-epoxy resin) judgment

141-78-6 Ethyl acetate (C4H802) GRAS

64-17-5 Ethanol (Ethyl Alcohol) GRAS

7705-08-0 Ferric chloride (FeCl3) GRAS

NA Ferrite judgment

No CAS # Glass judgment

7440-59-7 Helium (He) GRAS

NA Nonmethane hydrocarbons judgment

NA Hydrocarbons (unspecified) - judgment

1333-74-0 Hydrogen gas (H2) judgment

14380-61-1 Hypochlorite (CIO-) judgment

20461-54-5 Iodide (1-) judgment

7553-56-2 Iodine (I) judgment

7439-89-6 Iron (Fe) judgment

No CAS # Iron (Fe++, Fe3+) judgment

7720-78-7 Iron Sulfate (FeS04, are) judgment

8008-20-6 ' Kerosene judgment
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Table K-9. List of Materials Excluded from Toxic Classification
CAS # Material Reason for Exclusion a

7439-90-9 Krypton Gas judgment

No CAS # Lignite (in ground) judgment

1305-78-8 Lime judgment

471-34-1 Limestone (CaC03, in ground) judgment

7439-95-4 Magnesium (Mg) judgment

No CAS # Magnesium cmpds [Magnesium (Mg++)] judgment

7440-01-9 Neon judgment

7727-37-9 Nitrogen GRAS

74-98-6 n-propane [propane (C3H8)] GRAS

NA Oil & grease judgment

No CAS # Olivine «Mg,Fe)2Si04, ore) judgment

144-62-7 Oxalic Acid (C2H204) judgment

7782-44-7 Oxygen (02) judgment

NA Phosphates (P04-3) judgment

9011-87-4 Poly(methyl methacrylate) [PMMA (Acrylic resin)] judgment

25971-63-5 Polycarbonate resin judgment

NA Polycyclic Aromatic Hydrocarbons (P.(\H, unspecified) judgment

9002-88-4 polyethylene (PE) foam, cushion judgment

No CAS # Polyimide Resin judgment

9003-53-6 Polystyrene [Styrene, polymer (CSHS)] judgment

7440-09-7 Potassium (K) judgment

No CAS # Potassium (K+) judgment

584-08-7 Potassium carbonate (K2C03) judgment

7447-40-7 Potassium Chloride (KC1, as K20, in ground) judgment

79-09-4 Propionic Acid (CH3CH2COOH) GRAS

1332-09-8 Pumice judgment

1309-36-0 Pyrite (FeS2, ore) judgment

14808-60-7 . Silica sand [Silicon dioxide (Si02)] GRAS

7440~23-5 Sodium(Na) - judgment

No CAS # Sodium (Na+) judgment

497-19-8 Sodium carbonate (Na2C03, soda ash) judgment

7647-14-5 Sodium Chloride (NaCl, in ground or in sea) GRAS

1310-73-2 Sodium hydroxide (NaOH) judgment

9003-55-8 Styrene-butadiene copolymers (CI2HI4) judgment

14808-79-8 Sulfates (S04--) judgment

18496-25-8 Sulfides (S--) judgment

14265-45-3 Sulfites (S03--) judgment

7704-34-9 Sulfur judgment
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Table K-9. List of Materials Excluded from Toxic Classification
CAS # Material Reason for Exclusion •

NA Suspended Solids judgment

14807-96-6 Talcum (4Si02.3MgO.H20, ore) judgment

No CAS # TOCs (Total organic compounds) judgment

• NOTES:
(1) GRAS =Generally Regarded as Safe by the U.S. Food and Drug Administration.
(2) Some materials were excluded based on judgement if they are nutrients: calcium, cWoride, iodine, iron, magnesium, phosphorous,
potassium, sodium (per the Risk Assessment Guidance for Superfund [RAGS], EPA/540/1-89/002, December 1989 and the RAGS
Region IV update). .
(3) This list was reviewed by the U.S. EPA DFE Workgroup (Ap'pendix C, Table C-2).
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Table K-IO. Chemicals used to calculate mean slope factor values for calculating
. h d Icarcm02emc azar va ue

Chemical CAS # Oral Slope Factor Inhalation Snope Factor"
(mg/kg-day)"l (mg/kg_day)"l

Acephate 30560-19-1 8.70E-03

Acetaldehyde 75-07"0 7.70E-03

Acrylamide 79-06-1 4.50E+00 4.50E+OO

Acrylonitrile 107-13.1 5.40E-01 2AOE-Ol

Alachlor 15972-60-8 8.00E-02

Aldrin 309-00-2 1.70E+01 1.70E+01

Aniline 62-53-3 5.70E-03

Aramite 140-57-8 2.50E-02 2.50E-02

Aroclor 1016 12674-11-2 4.00E-Ol 4.00E-01

Araelor 1016 12674-11-2 2.00E+00 2.00E+00

Aroclor 1221 11104-28-2 4.00E-01 4.00E-01

Araclor 1221 11104-28-2 2.00E+00 2.boE+00

Araclor 1232 11141-16-5 4.00E-01 4.00E-01

Aroelor 1232 11141-16-5 2.00E+00 2.00E+00

Aroelar 1242 53469-21-9 4.00E-01 4.00E-01

Aroelor 1242 53469-21-9 2.00E+00 2.00E+00

Aroclor 1248 12672-29-6 4.00E-01 4.00E-01

Aroelor 1248 12672-29-6 2.00E+00 2.00E+00

Areclor 1254 11097-69-1 4.00E-01 4.00E-01

Araclar 1254 11097-69-1 2.00E+00

Aroelor 1260 11096-82-5 4.00E-01 4.00E-01

Aroelor 1260 11096-82-5 2.00E+00 2.00E+00

Arsenic, Inorganic 7440-38-2 1.50E+00 5.00E+01

Atrazine 1912-24-9 2.22E-01

Azobenzene 103·33~3 1.1OE-O1 1.1OE-O1

Benz[a]anthracene 56-55-3 7.30E-01 3.10E-01

Benzene 71-43-2 5.50E-02 2.90E-02

Benzidine 92-87-5 2.30E+02 2.30E+02

Benzo[a]pyrene 50-32-8 7.30E+00 "3.10E+OO

Benzo[b]fluoranthene 205-99-2 7.30E-01 3.1OE-O1

Benzo[k]fluoranthene 207-08-9 7.30E-02 "3.10E-02

Benzotrichloride 98-07-7 l.30E+01

Benzyl Chloride 100-44-7 1.70E-01

Beryllium and compounds 7440-41-7 4.30E+00 8.40E+00

Bis(2-chlaro-1-methylethyl)ether (Technical) 108-60-1 ,7.00E-02 3.50E-02

Bis(2-chloroethyl)ether 111-44-4 1.10E+00 1.10E+00 .'
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Table K-IO. Chemicals used to calculate mean slope factor values for calculating
. h d Icarcrnogemc azar va ue

Chemical CAS # Oral Slope Factor Inhalation Slope Factor
(mg!kg.day)"l (mg!kg.day)"l

Bis(2-ethy1hexy1)phthalate 117-81-7 1.40E-02

Bis(ch10romethyl)ether 542-88-1 2.20E+02 2.20E+02

Bromodichloromethane 75-27-4 6.20E-02

Bromoform 75-25-2 7.90E-03 3.90E-03

Butadiene, 1,3- 106-99-0 ·1.80£+00

Cadmium (Diet) 7440-43-9 6.lOE+00

Cadmium rwater) 7440-43-9 6.lOE+00

Captafo1 2425-06-1 8.60E-03

Captan 133-06-2 3.50E-03

Carbazole 86-74-8 2.00E-02.

Carbon Tetrachloride 56-23-5 1.30E-01 5.30E-02

Chloranil 118-75-2 4.03E-01

Chlordane 057-74-9 3.50E-01 1.30E+00

Chloro-2-methy1aniline HC1, 4- 3165-93-3 4.60E-Ol

Chloro-2-methylaniline,4- 95-69-2 5.80E-01

Chlorobenzilate 510-15-6 2.70E-01· 2.70E-01

Chlorodibromoethane 73506-94-2 8.40E-02

Chloroform 67-66-3 6.10E-03 8.1OE-02

Chloromethane 74-87-3
.

1.30E-02 6.30E-03

Chloronitrobenzene, 0- . 88-73-3 2.50E-02

Ch10ronitrobenzene, p- 121-73-3 1.80E-02

Chlorothalonil 1897-45-6 1.10E-02

Chromium VI (chromic acid mists) 18540-29-9 4.lOE+01

Chromium VI (particulates) 18540-29-9 4.10E+01

Chrysene 218-01-9 7.30E-03 3.10E-03

Coke Oven Emissions 8007-45-2 2.20E+00

Crotonaldehyde, trans- 123-73-9 1.90E+OO

Cyanazine 21725-46-2 8.40E-Ol

Cyc10hexane, 1,2,3,4,5-pentabromo-6-chloro- 87-84-3 2.30E-02

DDD 72-54-8 2.40E-Ol

DDE 72-55-9 3.40E-Ol

DDT 50-29-3 3.40E-Ol 3.40E-01

Di(2-ethylhexy1)adipate 103-23-1 1.20E-03

Dial1ate 2303-16-4 6.10E-02

Dibenz[a,h]anthracene 53-70-3 7.30E+OO 3.lOE+00

Dibromo-3-chloropropane,I,2- 96-12-8 . 1.40E+OO ·2.40E-03
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Table K-I0. Chemicals used to calculate mean slope factor values for calculating
. . h d Icarcmo2emc azar va ue

Chemical CAS#: Oral Slope Factor Inhalation Slope Factor
(mg!kg-day)"l (mg!kg-day)"l

Dibromochloromethane 124-48-1 8AOE-02

Dibromoethane, 1,2- 106-93-4 8.50E+Ol 7.~OE-Ol

Dichloro-2-butene, 1,4- 764-41-0 9.30E+00
Dichlorobenzene, 1,4- 106-46-7 2AOE-02

Dichlorobenzidine, 3,3'· 91-94-1 4.50E-Ol

Dichloroethane, 1,2- 107-06-2 9.1OE-02 9.10E-02

Dichloroethylene, 1,1- 75-35-4 6.00E-Ol 1.20E+OO

Dichloropropane,I,2- 78-87-5 6.80E-02

Dichloropropene,I,3- 542-75-6 1.00E-Ol 1.40E-02.

Dichlorvos 62-73-7 2.90E-Ol

Dieldrin 60-57-1 1.60E+Ol 1.60E+Ol

Diethylstilbesterol 56-53-1 4.70E+03 4.90E+02

Dimethoxybenzidine, 3,3'_ 119-90-4 1AOE-02

Dimethylaniline Hel, 2,4- 21436-96-4 5.80E-Ol

Dimethylaniline, 2,4- 095-68-1 7.50E-Ol

Dimethylbenzidine, 3,3'· 119-93-7 9.20E+00

Dimethylhydrazine, 1,1- 57-14-7 3.00E+00 1.72E+Ol

Dinitrotoluene Mixture, 2,4/2,6- 25321-14-6 6.80E-Ol

Dinitrotoluene,2,4- 121-14-2 6.80E-Ol

Dinitrotoluene,2,6- 606-20-2 6.80E-Ol

Dioxane, 1,4- 123-91-1 1.10E-02

Diphenylhydrazine,l,2- 122-66-7 8.00E-Ol 8.00E-Ol

Direct Black 38 1937-37-7 8.60E+00

Direct Blue 6 2602-46-2 8.1OE+00

Direct Brown 95 16071-86-6 9.30E+00

Epichlorohydrin 106-89-8 9.90E-03 4.20E-03

Ethyl Acrylate 140-88-5 4.80E-02

Ethylbenzene 100-41-4 3.85E-03

Ethylene Oxide 75-21-8 1.02E+00 3.50E-Ol

Ethylene Thiourea 96-45-7 1.1OE-Ol

Folpet 133-07-3 3.50E-03

Fomesafen 72178-02-0 1.90E-Ol

Formaldehyde 50-00-0 4.50E-02

Furazolidone 67-45-8 3.80E+00

Furium 531-82-8 5.00E+Ol

Furmecyclox 60568-05~0 3.00E-02
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Table K·I0. Chemicals used to calculat~ mean slope factor values for calculating
. h d Icarcmoe;emc azar va ue

Chemical CAS # Oral Slope Factor Inhalation Slope Factor
(mglkg-day)"1 (mglkg-day)"1

Heptachlor 76-44-8 4.50E+OO 4.50E+00

Heptachlor Epoxide 1024-57-3 9.10E+00 9.IOE+00

Hexachlorobenzene 118-74-1 1.60E+00 1.60E+OO

Hexachlorobutadiene 87-68-3 ' 7.80E-02 7.80E-02

Hexachlorocyclohexane, Alpha- 319-84-6 6.30E+00 6.30E+00

Hexachlorocyclohexane, Beta- 319-85-7 1.80E+00 1.80E+00

Hexachlorocyclohexane, Gamma- 58-89-9 1.30E+00

Hexachlorocyclohexane, Technical 608-73-1 1.80E+00 1.80E+00

Hexachlorodibenzo-p-dioxin, Mixture 19408-74-3 6.20E+03 4.55E+03

Hexachloroethane 67-72.-1 '1.40E-02 1.40E-02

Hexahydro-l,3,5-trinitro-l,3,5-triazine (RDX) 121-82-4 1.10E-Ol

HpCDD,2,3,7,8- 37871-00~4 1.50E+03 1.50E+03

HpCDF,2,3,7,8- 38998-75-3 1.50E+03 1.50E+03

HxCDD,2,3,7,8- 34465-46-8 1.50E+04 1.50E+04

HxCDF,2,3,7,8- 55684-94-1 1.50E+04 1.50E+04

Hydrazine 302-01-2 3.00E+00 1.70E+Ol

'HydrazineSulfate 10034-93-2 3.00E+00 1.70E+Ol

Indeno[1,2,3-cd]pyrene 193-39-5 7.30E-Ol 3.10E-Ol

Isophorone 78-59-1 9.50E-04

Methoxy-5-nitroaniline, 2- 99-59-2 4.60E-02

Methyl Hydrazine 60-34-4 3.00E+00 I.72E+Ol

Methyl-5-Nitroaniline, 2- 99-55-8 3.30E-02

Methylaniline Hydrochloride, 2- 636-21-5 1.80E-01

Methylene Chloride 75-09-2 7.50E-03 1.65E-03

Methylene-bis(2-chloroaniline),4,4'- 101-14-4 1.30E-Ol 1.30B-Ol

Methylene-bis(N,N-dimethyl) Aniline, 4,4'- 101-61-1 4.60E-02

Methylenebisbenzenamine,4,4'- 101-77-9 2.50E-Ol

Mirex 2385-85-5 1.80E+OO

Nickel Refinery Dust , NA 8.40B-Ol

Nickel Subsulfide 12035-72-2 1.70E+00

Nitrofurazone 59-87-0 1.50E+OO

Nitropropane, 2- 79-46-9 9.50E+00 9.40E+00

Nitrosodiethanolamine, N- 1116-54-7 2.80E+00

Nitrosodiethylamine, N- 55-18-5 1.50E+02 1.50E+02

Nitrosodimethylamine, N- 62-75-9 5.IOE+Ol 5.1OE+O1

Nitroso-di-N-butylamine, N- 924-16-3 5.40E+00 5.40£+00
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Table K·I0. Chemicals used to calculate mean slope factor values for calculating
. h d Icarcmoe;emc azar va ue

Chemical CAS # Oral Slope Factor Inhalation Slope Factor
(mg!kg-day)"l (mg!kg-day)"l

Nitroso-di-N-propylamine, N- 621-64-7 7.00E+00

Nitrosodiphenylamine, N- 86-30-6 4.90E-03

Nitrosomethylethylamine, N- 10595-95~6 2.20E+Ol

Nitroso-N-ethylurea, N- 759-73-9 1.40E+02

Nitrosopyrrolidine,N- 930-55-2 2.IOE+00 2.10E+00

OCDD 3268-87-9 1.50E+02 1.50E+02

OCDF 39001-02-0 1.50E+04 1.50E+02

PeCDD,2,3,7,8- 36088-2~9 7.50E+04 7.50E+04

PeCDF, 1,2,3,7,8- 57117-41-6 7.50E+04 7.50E+04

PeCDF,2,3,4,7,8- 57117-31-4 ' 7.50E+03 7.50E+03

Pentachloronitrobenzene 82-68-8 2.60E-Ol

Pentachlorophenol 87-86-5 1.20E-Ol

Phenylenediamine, 0- 95-54-5 4.70E-02

Phenylphenol, 2- 90-43-7 1.94E-03

Polybrominated Biphenyls 59536-65~1 8.90E+00

Polychlorinated Biphenyls (high risk) 1336-36-3 2.00E+00 2.00E+00

Polychlorinated Biphenyls (low risk) 1336-36-3 4.00E-Ol 4.00E-Ol

Polychlorinated Biphenyls (lowest risk) 1336-36-3 7.00E-02

Prochloraz 67747-09-5 1.50E-Ol

Propylene Oxide 75-56-9 2.40E-Ol 1.30E-02

Quinoline 91-22-5. 1.20E+Ol

Simazine 122-34-9 1.20E-Ol

Sodium Diethyldithiocarbamate 148-18-5 2.70E-Ol

Stirofos (Tetrachlorovinphos) 961-11-5 2.40E-02

TCDD,2,3,7,8- 1746-01-6 1.50E+05 1.50E+05

TCDF,2,3,7,8- 51207-31-9 1.50E+04 1.50E+04

Tetrachloroethane, 1,1,1,2- 630-20-6 2.60E-02 2.60E-02

Tetrachloroethane, 1,1,2,2- 79-34-5 2.00E-Ol 2.00E-Ol

Tetrachloroethylene 127-18-4 5.20E-02 2.00E-03

Tetrachlorotoluene, p- alpha, alpha, alpha- 5216-25-1 2.00E+Ol

Toluene-2,4-diamine 95-80-7. 3.20E+00

Toluidine, 0- (MethylaniIine, 2-) 95-53-4 2.40E-Ol

Toluidine, p- 106-49-0 1.90E-Ol

Toxaphene 8001-35-2 1.l0E+00 1.l,OE+OO

Trichloroaniline HCI, 2,4,6- 33663-50~2 2.90E-02

TrichloroaniIine, 2,4,6- ·634-93-5 3.40E-02
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Table K-IO. Chemicals used to calculate mean slope factor values for calculating
. h d I

blank=no data
Source: Risk Assessment lnfonnation System (RAIS), http://risk.lsd.ornl.gov/cgi-binltoxffOX_9801 (downloaded 11/00): IRISIHEAST
Slope Factors.

carcmo2emc azar va ue
Chemical CAS # Oral Slope Factor Inhalation Slope Factor

(mglkg-day)"l (mglkg-day)"l

Trichloroethane, 1,1,2- . 79-00-5 5.70E-02 5.70E-02

Trichloroethylene 79-01-6 1.10E-02 6.00E-03

Trichlorophenol, 2,4,6- 88-06-2 1.10E-02 1.00E-02

Trichloropropane, 1,2,3~ - 96-18-4 7.ooE+00

Trifluralin 1582-09-8 7.70E-03

Trimethyl Phosphate 512-56-1 3.70E-02

Trinitrotoluene, 2,4,6- 118-96-7 ·3.00E-02

Vinyl Bromide 593-60-2 1.1OE-O1

Vinyl Chloride 75-01-4 1.40E+00 3.08E-02

geometric mean 0.71 1.70

count (n) 175 105
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APPENDIXL

SECONDARY ISSUES TO THE USE LIFE-CYCLE STAGE OF COMPUTER
DISPLAYS

1. ELECTRIC AND MAGNETIC FIELDS (E:MFs)

Electric and magnetic. fields (EMFs) are invisible lines of force that surround any
electrical device, including power lines, electrical wiring, and electrical equipment. Electric
fields are produced by voltage and increase in strength as the voltage increases. Magnetic: fields
result from the flow of current through wires and or electrical devices and increase in strength as
the current increases. Most electrical equipment has to be turned on for a magnetic field to be
produced, but electricfields are present even when equipment is switched off as long as it is
connected to an electric power source. Electric fields are weakened or shielded by materials that
conduct electricity (including human skin). Magnetic fields, on the other hand, pass through
most materials and are therefore more difficult to shield and of greater concern. Both electric
and magnetic fields decrease with distance from the source (NIOSH, et al1996).

Most information on EMFs from video display units (VDUs) pertains to CRT monitors.
The following is excerpted from the World Health Organization fact sheet, "Video Display Units
(VDUs) and Human Health (1998):"

"The typical VDU creates images in a large evacuated cathode-ray-tube (CRT)
by directing a beam ofhigh-energy electrons from the cathode onto.a special phosphor- .
coated glass screen. This coating emits light when struck by the fast-moving electrons.
The electron beam creates the image from computer signals that control coils, at the
back ofthe CRT, that sweep the electrons in the vertical and horizontal directions..
These coils are called vertical and horizontal deflection coils. The electronic circuitry
used to create the image gives rise to static electric and magnetic fields, as well as low
and high frequency electromagnetic fields...

Electric and magnetic fields are emitted in three different frequency ranges.
The horizontal deflection coils emit fields operating predominantly in the frequency
range I5-35kHz; Extremely low frequency (ELF)fields at 50 to 60 Hz comefrom the
power supply, transformers and the vertical deflection coils. Finally, weak signals at
higher radio frequencies (RF) comefrom the VDU's interior electronic circuitry and
signals receivedfrom the computer. "

Very little information was found on the relative magnitude ofEMFs emitted by CRTs
and LCDs. However, typical household power opera,tes at 50-60 Hz and 120 volts - these remain
relatively constant no matter how much power in watts a piece of electrical equipment needs or
draws. What fluctuates with power demand is current (in amperes, or amps). CRTs consume a
greater quantity of power in watts, and therefore require a larger amount of electrical current in
amps. Since magnetic fields increase in strength with increased current, it is assumed a CRT will
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generate a larger magnetic field than an LCD. Additionally, some of the components discllssed
above, such as the horizontal and vertical deflection coils, are found in CRTs but not.in LCDs.. .
Thus, due to their. power handlingneeds and capabilities, CRTs also generate EMFs that are not
generated by LCDs. However, according to NoRad Corporation, a manufacturer and marketer of
EMF shielding products for monitors, it IS a common misconception that LCDs do not emit
E:MFs because of their smaller current draw; backlit LCD displays can emit significant levels of
both magnetic fields and electric fields (NoRad, undated).

To address concerns about potential health effects from EMF exposure, in 1992. the .U.S.·
Congress authorized the Electric and Magnetic Fields Research and Public Information Program
(E:MF-RAPID Program) and directed the National Institute of Environmental Health Sciences
(NIEHS) and the Department of ~uergy (DOE) to direct and manage a. program of research and
analysis aimed at providing scientific evidence to clarify the potential for health risks from
exposure to ELF-EMF (NIEHS, 1999). After several years of research, in 1999 NJEHS issued a
report to Congress on the health effects from exposure to power-line frequency EMFs, which
conduded the following (NJEHS, 1999):

"The scientific evidence suggesting that ELF-EMF exposures pose any health
risk is weak. The strongest evidence for health effects comes from associations observed
in human populations with two forms of cancer: childhood leukemia and chronic
lymphocytic leukemia in occupationally exposed adults. While the support from
individual studies is weak, the epidemiological studies demonstrate, for some methods of
measuring exposure, afairly consistent pattern ofa small, increased risk with increasing
exposure that is somewhat weaker for chronic lymphocytic leukemia thanfor childhood
leukemia. In contrast, the mechanistic studies and the animal toxicology literature fail
to demonstrate any consistent pattern across studies although sporadic finding of
biological effects (including increased cancers in animals) have been reported. No
indication ofincreased leukemia in experimental animals has been observed.
The lack ofconnection between the human data and the experimental data (animal and
mechanistic) severely complicates the interyretation ofthese results. .The human data
are in the "right" species, are tied to "real-life" exposures and show some consistency
that is difficult to ignore. This assessment is tempered by the observation that given the
weak magnitude of these increased risks, some otherfactor or common source oferror
could explain tlJ,ese findings. However, no consistent explanation other than exposure to
ELF-EMF has been identified. .

Epidemiological studies have serious limitations in their ability to demonstrate a
cause and effect relationship whereas laboratory studies, by design, can clearly'show
that cause and effect are possible. Virtually all ofthe laboratory evidence in animals
and humans and most of the mechanistic work done in cells fail to supp011 a causal
relationship between exposure to ELF-EMF at environmental levels and changes in
biological junction or disease status. The lack ofconsistent, positive findings in animal
or mechanistic 'studies weakens the beliefthat this association is actually due to ELF
EMF, but it cannot completely discount the epidemiologicalfindings.
The NIEHS concludes that ELF-EMF exposure cannot be recognized as entirely safe
because ofweak scientific evidence that exposure may pose a leukemia hazard. In our
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Source: NIOSH Fact Sheet: EMFs In the Workplace
* The source does not give the distance at which measurements were taken. Monitor EMF emission measurements are often
taken at a distance of 30 cm (approximately 12 inches) or 50 cm (approximately 20 inches).

k *I . It' fi ldT hI L 3 Aa e - . vera !e ma2ne IC Ie exposures or Cerlca wor ers

Type of worker Average daily median ~T) Exposure range ~T)

Clerical workers with computers 0.12 0.05 to 0.45

Clerical workers without computers 0.05 0.02 to 0.2

2 Given the fact that desktop LCD monitors were only recently introduced into the marketplace, it is
assumed that the computers used by clerical. workers for whom measurements were taken were equipped with CRT
monitors, although the data could also include clerical workers who used laptops with LCD displays.

IMagnetic field intensity is measured in units of tesla (T) or gauss (G). One tesla equals 1O,000.gauss.
Since most environmental EMF exposure involve magnetic field intensities that are only a fraction of a tesla or a
gauss, they are commonly measured in units of microteslas ~T) or milligauss (mG). One J..l.T is equal to 10 mG.

.opinion, this finding is insufficient to warram aggressive regulatory concern. However,
because virtually everyone in the United States uses electricity and therefore is routinely
exposed to ELF-EMF, passive regulatory action is warranted such as a continued
emphasis on educating both the public and the regulated community on means aimed at
reducing exposures. The NIEHS does not believe that other cancers on non-cancer
health outcomes provide sufficient evidence ofa risk to currently warrant concern. "

In summary, no data were found on EMF measurements from LCDs. However, because
of the lesser current requirements of LeDs compared to CRTs? it is assumed that LCDs also
generate a lesser magnetic field. NIEHS has concluded that the evidence that ELF-EMF
exposures pose any health risk is weak. However, since publication of the NIEHS report, IARC

More recently, an expert scientific working group of the Monographs Programme of the
International Agency for Research on Cancer (IARC) released its findings from a review of
health effects of static and ELF EMFs. rARC concluded that ELF magnetic fields are possibly
carcinogenic to humans, based on consistent statistical associations of high level residential
magnetic fields with"a doubling of risk of childhood leukemia. However, rARC also concluded
that children who are exposed to residential ELF magnetic fields less than 0.4 microTesla (4
milligauss)l have no increased risk of leukemia (!ARC, 2001). To help put this in perspective,
Table L-1 presents the average magnetic field exposures for clerical workers with and without
computers.2 As shown in the table, clerical workers with computers have increased average daily
exposures of about 0.07 f-tT (0.7 mG) over clerical workerswithout computers. The average
daily median for workers with computers is 0.12 f-tT (1.2 mG) and the exposure range is 0.05 to
0.45 f-tT (0.5 to 4.5 mG). Only the upper end of the exposure range exceeds the exposure level
that IARC concluded has an increased risk of childhood leukemia (0.4 f-tT).."
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has classified ELF-EJ\1Fs as possibly carcinogenic to humans. Based on the data in Table L-3, it
appears most exposures to ELFs-EJ\1Fs from computer displays may be below the
carcinogenicity concern level determined by IARC (0.4 fiT).

2. ERGONOMIC ISSUES

. Meniam-Webster's Online Dictionary defines ergonomics as "an applied science
concerned with designing and arranging things people use so that the people imd things interact
most efficiently and safely - also called human engineering." While CRT and LCD desktop
monitors are both usable in the same environments (in most cases), there ar,e differences in their
sizes and the way they present information to the user in their working environment. Thus the'
potential exists for there to be differences in the way a user might physically interact with their
CRT or LCD monitor. ~ote that Eye Strain is addressed as a separate issue in this Appendix
[see L.3], and issues related to image g~nerationon the monitor surface are addressed there.)

In reviewing several documents on ergonomics and the placement of computer monitors
in or around a user's working area, some sources discuss the differences in using a CRT versus an
LCD monitor. It is assumed in most discussions that the user is able to move/adjust the monitor
to within a recommended operating position for 'use (e.g., eye-to-screen distance, vertical monitor
location [with respect to horizontal eye level]). Thus, with unlimited resources within which to
setup a computing environment, it is expected that only viewing angle would potentially favor a
CRT over an LCD. CRTs provide a horizontal viewing angle of 1800 whereas early-model LCD
monitors were limited to an almost straight on view. The most recent LCDs on the market have
a 1200 capability (EIZO 1999). Although less than the CRT horizontal viewing angle, these
current viewing angles significantly diminish the differences in viewing ability between the two
monitor types. The reduced viewing angle of the LCD appears to mainly be a factor when
presenting information to users who are viewing the screen from the side, such as during
presentations to multiple users.

However, the user's environment is often limited by physical constraints on where the
monitor can be placed and user seated. With this in mind, the physical size and footprint of the
monitor becomes more of an ergonomics issue. In cases where the footprint of a monitor dictates
that the monitor not go directly in-front of the user, but to either the left or right side, an
increased level of ergonomic stress may be realized (typically neck twist) if the user is unable to
adjust his or her seated position accordingly. Even the smaller footprint CRTs being
manufactured today have a much larger footprint than those of closely-equivalent LCD monitors,
typically occupying almost six times the depth qfLCDs (IBM 1999). Additionally, some LCD
monitors can be wall-mounted, almost completely removing the monitor from the desktop. Thus,
it appears that the smaller footprint of the LCD may offer benefits in more easily positioning the
monitor for optimum user use.
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3. EYE STRAIN

There are numerous sensations that can be interpreted to be eye strain in the use of
monitors, including but not limited to burning, tightness, sharp pains, dull pains, watering,
blurring, double vision and headaches. Many of the principal factors that cause eye strain can be
corrected or improved by adequately setting up the computing environment (e.g., controlling the
distance between the eyes and the screen, wearing corrective lenses, if needed, etc.). Others can
be improved by adjusting the controls on the monitor (e.g., setting brightness or contrast). Of the
factors identified in this study, glare and screen flicker are the two that appear to be most affected
by the technology choice (e.g., CRT or LCD).

The distance between your eyes and the monitor should be at least 25" (Ankrum 1996),
and using a CRT versus an LCD should have no effect on the necessary distance needed to
clearly see the monitor screen, as long as the usetis using an appropriately sized resolution for
his or her monitor size. Both CRTs and LCDs should be equally readable, not considering the
viewing of an LCD from outside its particular viewing angle. If the brightness levels of a CRT
and LCD are set appropriately, then the contrast between what is being looked atand its

. immediate environment should be no different for the two monitor types. Lastly, a user has to
have good or corrected vision before either monitor will be useful.

. The only notable difference between CRTsand LCDs with respect to glare is their
flatness. As LCDs have completely flat monitor surfaces or screens, versus most CRTs which
have rounded screens, they significantly reduce the probability of reflected glare from overhead
or nearby lights. There are two main types of CRT tube technology, shadow mask and aperture
grill. Shadow masks are utilized in older, less fla,t monitors, and aperture grills are utilized in the
more current variations that have flatter outside faces (IBM 1999). Flatter screens provide less
opportunity for the occurrence of reflected glare.

CRTs, espechl.lly older models, may be prone to screen flicker, which contributes
significantly to eye strain. CRT's use phosphorthat has been excited by an electron beam to
create light. After the phosphor is excited, it begins to decay. The electron beam needs to return
to the phosphor in a specific amount of time to keep the phosphor from decaying to the point that
the human eye can perceive it. The rate at which the electron beam returns to any given phosphor
is called the refresh rate. If the refresh rate is too low, the decaying of the phosphor may be
perceptible to the human eye as a flickering screen image. Because LCDs do not use phosphors
to create the image theydo not have a refresh rate and do not flicker.
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Mil.\.e.J:3Jwas!!: ,· •..c .•..•• 's.~<;lQ;cfa:ry ··;i:<::;~,...;Q,i4§iqi;.~_ ...,::i~li;~
.....Mille,ral waste s~<:()l1~.. 5Ale-05 3.25e-02

Mix~i!ldt!striaJ(~a~te.) '. . ,.s..~99Aqwy .... " .:. ';c...::Z:,.L 74.iQ;:9~;,:~,_::~;,~~a~:
Unspecified solid waste .sl:C<>'D:d.3I)';},~#e-05 ':i,~:,~e.~Q'~'j'
.un,specitie.dso.li.d \\,aste ..'.,5.C;£<;l1lclJl:rY, . o~,£!~~~Q?',.?~QJe,~Ol,.

.SIi!gandash se~?:~?ary:< . 1~...~2e:95. _, ., l:!_Q.e,-~.?

Mineral.'Yas.tl: ,_.§~J!I!<:I¥Y:;1 ..." ...,', ~",r:;.'", ·l·~?jt:q~ '" ".:,:J...9J.s,Q.;!-
Slag al.\c!asll secondary l.80e-05 I.08e-02

.Mi!l.ligJ \yasle.. ". j·:,=~=;:~.lti~iLciWY,····.·.',"..'C._~''-", ... j •• ;';';'''. ,1;;2§~;9K,;,;;...~'i.6i~Qi:,
..... ..~.~::~~;:~~:~£lY''!S.!!:,_..,....,~:., , ~;~~;=, ...... ,i' ~.,. ,··.-.:':",j.·:.Lt§j~~k:;_.' ..',~.~l~~

... Mi.!C~d.i.!lclustri,a,I(\Vastl:) _.~e£()nd:ur.. 9.93e-06 5.96e-03

,~~!J!g.B9c1,:ls.!! ,.. _co"""" _...•...•"c,; .....~t:E.!lJl~.. ,.· ": ..,~,.:;::li,&~;}Q~,~.·,.;;".~,~I~;;~]
__ ~1~g_a1!dash_" _ .,._s~();l,~ 5·Hl:-06 ...}.Wl:;o.]y
.Minl:.r.aI~mtl:.. . C".'.C..:," <-,~SRllffi!ry ,,::.:,: ,'," ,,4~~?i&ix:i..L..;:.i:7js;Qi

Non toxic chemical waste
(unspe<;ified)

~I~ga,nd_:l~ .

Mh(,:~ .~nlll;lstrial (\Vast~) ....
Non toxic chemic31 wa~te

(l1IlsPl:SifieflL .., .. " ""
Non toxic chemical waste

~:::~~~:a~Prod~c~o.n t_,~P~i!!l:cI;. '," .::::~:~ ',;<' . .·.:,.:.·.·;.;.;·.i~.•;.•.,;_,.i:~~~;~~.,; ..·.·.· .....:.;.:.·;..~~.".gL.f~b.ti4.:
.~.....'J!!.yt~!l.. ..·,_....8.. :.1!!!Pac..._ .... _...._....._,.._..._,. ~..~~£..~..."....."~.~."" ......~~,;,,.:....,.~"" __""""_~ ...~.';.; :;,;c.h';;;';.·.'. . .., . ... . .__•.. "... . .... ~""""'"..

Non toxic chemical waste

(llll~p.l:ci.fie<:\L .

___ ... .. . .... ".M.i]:c.!:f!In,!i.llilli!!J,.(w.~.t~t"
. ,M:ixedinduslIi,il(wastc:J. ..

.. c.§§g~.c!ilSIl

Mix,ed_illdus!:ri.al(wastc:) ,

Non toxic chemic;il waste

'P9Iyst~n9.Pr9<I., P-i&1!:iIt1p.aC_1... __.. .. , ~,_. ~ ~!1.ll§p~~f1.e<:\L...__.

Polystyrene Prod.,.hig\,l-iInpact _Mi~~d i~,cl.ustri~~.(',VlISt~) 4.16e-07 2.50e-04

.~I!!~!1.Il!lLPI:9!!:. -.-. ,_.__ _ ,_.._ .._ "_.•••,f&g"hm~. "."'""".,".,.;:.;'.. i••.~.,',,.· ..co·,. . ._ ..~~ ".... .::· .• ;_:.::,:l:j~~l?.~iOici,.;i:,:,~l~Q!J
~lllystyrenePr~.~.Jli~~i'!1pact ~__ ..__.., .. _,~i1.tL3J!cl.a~Il __.-. ...__.... __. . secondary 3.66e-07 2.20e-04

S"""'" b '·di C I Prod U . 'fled lid t .' . . ,'. ,,~,;., .' .·.·.·:.·...'·.··..'.·.•,:.··•.:.c.·.;.2•• ,6.·....·.2~.~il.·.7.:r.·.i,c;.,.· •. '...;...·.•.:.·.,.:,;.~,·.j.:..... ,~1"._·"i.-·:.b.T.:"..~J~~_~.~.J~~"_~~£--.~9~.~~o"> .._..,:. '._""'__.'_-''''_' .r...... _A __.~§E~_l.._~ ..._.~,<?~,.,~.~~~~".~ .. _"'_,~,,~ ~.~-.~,-,,'; ..§_~f?p...=.~J.;~v _0-.. ".:~:'~-;::,';;',~.. ",;.~ _"-. _~~ _J,~~.w., , '~._ ~j ........

I!1..'!~., ..._,_ ,<:;a.t.cium ..... -.cscepllnj.:l9'.,..,... 1.7ge-07 l.07e-04
Pol bon t Prod ti U 'tied solid ste"'SecoDQ¥Y" ·:T.f;L.;~l.~d.2~~Q7..""'L;;,:~~~I~~R~;..__ ..Y.c!f., .._..!.!= __.\!~__9.Jl, '''''''' .. '' .. '" .~",~ .• ,'.,' .l!.s.p.~1. :~v·L,_._ ";._.:...~ «_ .. _,..................... .

~~_.,...... .. .. . _......c::l19!~,!!1 ", , .." .•,. ·-· f ,i'~~?,~~,·'L.:;,;.;L~1~~~:;z:.~:~~;~,.
~t~<;.1 ~., £()I!i~fQ!!~t.s.~~·fipis~w,",..._ .... , "" ...§~.~ag~sJll~g~(!1l1sp~f!..l:d1..:: ,~!l£Q.!!..~

Aluminum Prod. Carbon .. ~"""'" .,t. . . . secondary 5A8e-08 3.2ge-05
"'s~~'i Pr~-~id'~ii~ semi finished 'W~s~~oil . '-~;~6ti~~~; '., ..,;·.·.';:,.'.·.···..····... '.'.'.•.•...5... ·.:..3,',le.·.'.:08.·.:..•·. '....•.·...,·,';".~c.;,·:.3.~.Jj~.~QS~.._~ ..~L._ : ..~_.:J__,__:..__"'..,... ..._• .c.'."_",,'••". _ ,oT= " •.•.,." ,"",,,,J,n,,.,,·~.~.;~,;;._;;.": _ _ " _ ~_,_

Steel Prod., cold-rolled. semi-finished Non mineral waste (inert) secondary 4.46e-08 2.68e-05

,~!i~~_: ~..~~.::.:~: .._:~.=:==.:._ , ,..~':9~~i;m;:,:···~:",:.:":, ·."~.-:;.i=:=·."',:, ..,::·:i~!i~·.~:=C.·37.:L.·,;,,:JLj::j2iI~?fili:, .•. j~[:.:~tt~;Q[
..~::~=c_~:~-:~I~~~ ..~~-~~i.~=~: .. ::::,·:·='~.=:·:=:~~1~~ :..:.._.j......,._,~•• , •• _; ••~,.L,_L:':::,',:~~~~.::.·.... .,. '...;r·::::r'.L};.~~~:~~X':',:,.,;d:~~~~!:
Aluminum Prod. Waste oil secondary 2.25e-08 . 1.35e-05
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Table M-7. CRT LCIA Results for the Solid Waste Landfill Use Impact Category
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Table M-7. CRTLCIA Results for the Solid Waste Landfill Use Impact Category
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Total End-or-life
Total AU Life-cycle Stages Total

M-23

-1.32e·03

1.67e-Ol

~7.95e·Ol

1.OOe+02
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Table M-S. LCD LCIA Results for the Solid Waste Landfill Use Impact Category
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Table M-S. LCD LelA Results for the Solid Waste Landfill Use Impact Category
:'Proces,s Group·
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M-28

.1C!19.~4mr.. ..·::=::~.. ~.zt;:;:2L.~}',i;jib~Q~ , 'X:~3]jl;ID2

....~:~::~&:'_., '. ,.~:;':,:,~"',j5~~r~~~1:,t,;\~lt;~~~~u"
.. ,se~o~~il!Y,. 3.75e-07 1.04e-02

'. ",..•.•.~j:.~9P.~ry •",:,,".,:,jj,!~Ik~i2/,L:,:.~~Qi
sc:cll1!dary, 3.24e-08 8.96e-04

." '·.~~f~~j,:"" JlI§~~i'I. ..

Materials Processing Life-cycle Stage
Polycllfbonale Production Gelier:iIHazardous Waste'

Nalural Gas Prod. Hazardous waste

~MMA Sheet Prod. Gen~ral ~~o_us Wllst~..
St~e.butadiene Copolymer Prod. Hazardous waste,

Ste.eIProd., cold-colled, semi-fini~hed , .<3~5:J:aI):Ia.~!!2I1s Wll,ste, ,;,..
PBTRcsin Production Unspecified hazardouswaste

Table M..I0. LCD LCIA Results for the Hazardous Waste Landfill Use ImpactCategory

APPENDIXM

T9tal Ma.teriaJsProcessing
Manufacturing Life-cycle Stage
LPGPrt?ductionHazardous\Va.~t~.~«99!¥Ji\ri':1;[11t9Q:'
Monitor/module Acetic acid pri1llllI)'. 3.l8e-05 8.80e-Ol

Monilor/module, PhosPIJ(jric: ll.cid. _ "....... ;;,~.~.ID.@'Y:~ •._.i;&~~~~~9ft;.·j,.,,~;;.i:~ik;[L

LCD glassmfg.H~droflu()riC?.acicJ ... ". .,__ .~....,.J?!!.~. -C""'';::' '. '~.'.'.•.'.',.,:','••'.':._','.' .•. ',:.. ,'.'..,'.".'",',., :.~; ••.•:.,'.,'.' '.~.'. ,~~...'.,..••_2.7'·"'91,·e~,'.'.·~.',pQ7.:.•;.'.•,;.;..','.. ',',','.':,:.'.'..,'.;,".·?3,23·i:~,:.',Oo';:.:
fl!el.Qjl:1t~U)I09.. B~42!!~.w.l!~1\l" .. ~ •.."..,' "."~",,.,,~9.l!.9MX,.~ .- __ .. _ , 'L~ ,l1tl,

M,onilor/modllic Nitricacid". ..~r.i~.,..... 2.48e-07 6.87e-03

~~IQiJ £t2,f.!:o:d, •.• fl\!W~2l!~o\Y~tc;.. ..·.~.·.;·c,'~~Q.~l!¥Y" ,CX:..:L,. ,,;1.1i~Q;:t:,;~:.a:&i1i~9I;
Fuel Oil #6 Prod. Hazardous waste . secondary 1.57e-07 4.34e-03

NJI!W!IP.~"Pr04. ·Ii~9..(m~..~Ml~:_j",.~",;~, ","",,,.:., ,~:~;~~~g~Jk.o ... '.: .;4;~4~~Qf'.· ..:,~tIQfQt
LCD.g!a~s .~g~ !la.!i.I1!I1 c1e~!:i~(I>99.~~a.~tel , ....,.,,_..,P~~~,..,..... '.',.•.<C••• ; •••••~,.• :.6.L.7..~~.·,:.6,.·.:...•.•·,i •.••,..::•••~,'..~,,".5.;75.~~.,'.:,~~},,'.'
u;,Q,g\!$,sJ!1fg... .._W!!§.tc;1!.l\!9_h.(!3j!,.P~)<I:>.o.Q.8,.w~!e.L_" .P!1!J:lMY.,. ..... .. . . ..".. . .. ~ ...•'1:1.

iac:r~' I: tu .:W~_teglas~. \Vith lIle~llfY, ,pti~".,c:.:, .. ,.,..,•......•.:.."....7.1.:·.~.:~,:,·"fL_:·.~\, ...·."·...·...",,.. ',.,2.2,..~.,,1..~..~.,e+'...e,•.,;~.',•.~.,"..•'J>.. "." .!lDY~<; .. ,!-:J,Ilg. . .....M'...',. ,.,."".",.." •• ": ...,i:".""..".~.,.,.C"., .....,,,.,;:d.·,,', '."<'i""."'''>,' ..... _~, .....,.~ , ll.

Us~"Maintenance and.It,epair Life~~ycle ~t:lge

19W,lJ~~,M.l:l,!~t~!l~I;,e..@!!.Re.p.l!!!:.._.. ,...,", ..." ..

::~o~~~e ~if~-cy~~ ~~g~ .._. EbLLCD'if':-;- 'I'''dflll d '., "~,','c'·-~"·.L.",,.,·,;L:,c_2~i4~;iQ~,C_:i;~.~..:'61;±Q1.,__ ....n._.."llg "",..,,.,;.•,..........,,..,.,..._.....,9'!!-qr.,...il.1!... ..•,'t... « ... ,,,••_." .;I!flI!L, .. ~

~.~u!=~on H~c1<>'IlJ~asle . . . .~;~ot,'-gary. . "?','.'", ";, ,.~..~.;.·,},l.,•.ie.~~~,~-.:~ ...,x,::i!~~~~~
~!I!~.O!!S.~.," . ..,J!aEJf.~.91;1§. \\'a~~> .... ,«.~,..." ..:,,,.:._.;__..';.m:.9i!9¥Y '.' '. .. ..
LCo.i!1cln.e1'lI~01! .. General Hazardous Waste : '. ..' secondary -1.3ge-07 -3.84e-03
Fu 10'1#4 Prod 'H«~"" I .. -", .. !- .'C'.' --: .• ~'~~~,·c.,'....:!,·~,,2.'...•2..·.i.'~,:'.~®·,;.L.~£lli ~.'Qi~
._~ _-' " ".. ,««." il _,.IlJ!s..w.i!~..~ ,<.'« ~ "..,,,..: ;,".,~~,.l!':l\I;'J' .. ;" ..«

Total End-of-life 3.4ge·03 9.66e+Ol

Total All Life-cycle Stages 3.6le-03 l.OOe+02



Table M-ll. CRT LCIA Results for the Radioactive Waste Landfill Use Impact Category
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,:~!t~~t.;~~~~~;:~;i~~~::i~'t~:l~~~~:tii];?'T:F:C~":J.~'t;,;:~y;:t":~':~2~;(~r;:3~'!i0~\~~r;~!~~:~~}~q:i,;~~~f~;t~f11~i~~1
'B~~~l~;~;~~'U~:: ""':'.'. '::;XS;,:i;i::'J;;;'~[~~~fui~g:;~':~}/;;';; ;~t:',; .;1;~;~'i~i~~ii;'ii:~'"~~,7if{(?k1iTI:g[i~1;;:rrt:;11i~~

,,~i~ti~Jr~!~~~;~d~~::~t~~i~·:':'i'.·'~,:;i·~~~'fr~,··:T;?:~}J;t};:::'::'~;:~~)f:~~~:;~;:(m":::;~;:0!'t(:}i;i;rfJ0·.:;'~};;E,~2tj:~'~:G;~im1~i~:;,~~ii~
!:~~?~i~~~~·:~t-" .{ . ",' ., .~6Jj~f~~~~tj'fe:~I~~~!'··~" ~,' ,"" %~~~f~~~~~/:· ::,';,,:~:'::y)~::'.4;;i~~~8~ t)'''~':~~~~2d~:
Total End-or-lire 1.43e-08 7.87e-03

Total All Life-cycle Stages l.81e-04 1.00e+02

.l.\1a~~Dalsrr~ces~~"'l:L~fe-.cycle ~~g;~{, ... '..l.i7·i''''.''''~''''':;';'·'"'';<;'' 'i'· ·-",·'.'.T."''''',!'i''J'''','c"".,,,0'';.. ,~.;"~i;;'" .. ,'pg;";Z'·.·"g"""'?'I7"'''''';i'7'''''Z~'''''''T'''''''.''''';·~.
'SteelJ,>rpd;, (j.o~~~rgI1ed,~~iiU-pnisnoo .....•. ·.):lq~~,e.:~¢IAQiix.i<;9Y\i,:W~§te ....>; .< ·.:;::;:$~§9jj.eJirY,;. ,;;.·;;t.;·;:,;t~&1~'i{jti~~Q~;:;.\;:t~?:;,Q}Af®~

Invar Low-level radioactive waste secondary 4.72e-06 2.60e+OO
,f~t.~#g: . .V. . LO~~i~~el~4!()~Jijy~:w~sl~'",7'P; /}':;'$~~:@&?~i2;' .~.' :':::~~;'.:~·~;::·?:·;:i§J~~{Q§J: )'):::i;3§t@~;

.~::~ :~:: ~::::;:~::: ::::::::~::.,~"fu:~i;:~~~~t:~~fJ~~i1~~cD+ :~;';;.';~~~~\' ;.:.. ;i·;J'··2~i::J'(t!:~~?;~~':;it~~!~i;?{ltS!~~~i&h
Invar Radioactive waste (unspecified) secondary 2.20e-07 1.22e-Ol
F$!~~ih" ··E\\4i9~c~~~;;;Y~il:.(lig~p:~i~~if;." ..;>·.:·;~bt~~;'··;";' f~j~r··} .·~~.:.~~;;:.~;;;'i~1~:piZ~~;'·'"e{~i3W

~;rR~iti1g:,'; .·•. ,~~~i~r~;b~~J~:;:::{;·~~@· ."i', , ":~~~~*b'7;;;:.~2'':L~~):1:i~;~If7:<Eii~~~TI::':i&~w
. Total Materials Processing
l\-f@uf~~ttir;f6~:Li(e~¢Y#~·St.a.g~,;··
Japanese Electric Grid Low-level radioactive waste model/secondary 6.8ge-06 3.80e+OO

):~p~~~~l~$¢~Gilii::'::; .;~ ~.,.,~:~~~,,;1;';fc'[Q~~~:d.~~~@':;Dt/:;':'/f:;;::"'~r·':":~':::.~~ii4wf~]~S;'''''Zj;>:7:2!:'2~:;~::@r~®:!::~~;ITl~~

:d~~~m~:~~ ",'" .,. ".' ,....,""':;'f~}:;)~~ml~~~~~~J;~~::';"':;;;:+;:;;"f~5i;:'~$~f~;~ii}7rE:2";::f~:;~;~~~~gE~;?~if;),:'~ziiib
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Table M·12. LCD LCIA Results for the Radioactive Waste LandtUI Use Impact Category
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Materill1 LqD~~TYpe " ~:~blil W31~ pote!t~"",' % ot T,o~ ,~.
',. ,.,. ~·Co2EquiVillents) .' .. " ....

Nitrous oXides~c~Il.c!a.rY.. 4.50e-02 6.47e-03

GarjxJl!cilq,xJ,d,t?.. " .. ., .... '.~ .R~... • ... ,": .. ,~.:~,~ ..L::,,::(.:,:L',~~~~lQ1U,~~2T§f~i~~1
Carbon dioxide secondary 4.22e-02 6.06e-03

Nitro~sOE!!~_"" ,'. ,,,.,__ ·~~¥v.s~qI!oQ.ad,::'·;:;;::',:>:~;::,;i~:.:_::i::'":l;".id~~~Q~j'L::;:;@:~~£i
Nitrous oxide model/secondary I.68e-02 2.42e-03

~itroll~ P¥~~ ,: ·;S~f2@;;,:·: ...·~'-·~;··,;. :.:..i,,;.' •4.'_" ll.Et:~i~;;Q~·,,··:;EEljr~]i::
Methane secondary " 5.47e-03 7.87e-04

~W!1~Q~<!t? .•,. .•.:.j~,9;~· L '·}·:;·,,;~·:~;~g~LQi~.:;::=i;l~;.~~
Nitrous oxide se<:0E-~ary.." 1.78e-03 2.56e·04

¥e~e" .,.: . ., •.. :, ....mQ4sciii~qp~~·.:.,"'_:,.;':J::.:,:.. I:~.~~~::~±~ja:N~Q,f·.2N.i~3r~~~

Table M-13. CRT LCIA Results for the Global Warming Impact Category
Process Group

Fu~1Oil #6 Prod.

OIaS~frit

Fuel Oil #4 Prod.
Japanese Electrie Grid
US electrie grid
Puel Oil #2 Prod,

Puel Oil #4 Prod.

l'!~,I~G~..Proct
fuel Oil #4 Pnx.J..
J/ipanCllc ElectrieG1:id

Total Manufac~ring

t!se, I\!~~~!l!!~c.~~.~Sep.ll!rL..if~~~Yl:!~·~~g~ .

~~;;:::.::' . '" .:.~~:-:i~X!~·:;~", .."" ..,.;~,~::~=i~;:-.:':":":~_:=2:']~~:;:;2FE~.<c':.',:l1~ir~L~~ii~}
us clcctriegrid Nitrous oxide fi.l~e~sll£<?~~~;, ."....\Q~,~tQO,',.,J, ..?,!~~QL
!Q~ :Q~e.,M.~t.eq@.c:~Jm!lJ!~I!l,lI.,. , _ :,.c.._:•. ,_.,.,.,.. ,~ ,,'-._ • .;.c'".,A.;.;;,;,;.,~,,;,i~.i.~;.ij,;:,;,:"2,,,;:::"t~;~~L~~;§.?kt01~.;,.;,:L;§]§DSiq(~

:t~~~;i~~c.~·.C:~:~~~.~: ,:"o,~~.,:·~~,~i~~4~"~.~~:~..:=~,:~,~.~ilX~~~_.01:~~~';.:~:;~:.:L ..:'~£2..fS;'.L;;:;~d;;~'\.~.~~~*~q~&: ..,,'~~~fi~~Q£;
,..~1~~~~ ...'.:~: ... '''.:=<~'::.=:, ..:.: ..:.::=·:~~~:1i~~,~;"·"~:.,~,,::,,,,::~:",~~Zf~s~1~~.·:;:?~:~,':~::, .'..ir\:~.'2{~1~."?(i;i$.~hzj~r~i~~~:
~=~;ro:..... "'-" '.... ~~~~,~g~9~;:,.,:, ..,.::,·::~:r~~~.~o:cta.rY, . ,;:;;!:;:;~~r~~~~1;LL~,,:~ji1~~~•.
CR.T lan..df!IIi,ng . Methane .. ' ." ~.IiJll~. ......:( < '.", "~" !;~~"'"" ~,,";;;~~~?;t
~J~Q4uction_.. . .. _.......~_.M.~~qe;.· ... "'" •• ,.~, ... ,',."'~~~~P!l!WY,~ •.···,..... , ; ..:..!:/ ..;,.,.:L2:.l?:QJl:_~,;..,,,,,,,6.J9.s:M,

;~=~g:~: ,.~~~::~~;~~;t=~ ..:=j,·.~::i:,: ..::L::·:~:i~~;~~!0",., .. ,,;~:;;;;2::,L~J..1~· ·~:~~2:;:;d~im~~~:~; •."a:~~i
~~]}8i~:;~>:.:",,_ ~~.:.. ~ ~.~.~..~t~.:-~~:~ ~..".. 'm:::.:,2.,;i:~~~.=.'D:.: ' ;..c,. / ..•;..::.L:::_; ..;2.j ,Z~{~;i~~~,;~·,2E5~J~~~
Puel Oil #4 Prod. Methane secondary -5.88e-02 -8.46e-03

~ffu~l;_;;;tl~~~:~..~·:::.~~:=~===:::::=,~:~~M~~~~.:~~::~:::::2;==~:~~i~~.·:;:IE2::~.::r::~;~·;I:·i1I,;.?~.t1~;K~~~Jr~l~i~~r~~
CRT Incineration Nitrous oxide secondary -3.23e-Ol -4.64e-02

~,;5!i9JIM.~:·:_·~=~~:~:.·====~~~==o:·==.'.ci~~~,{ijQii'i!~~=2::o~.=,,:~"~·=s"~Q~~·, •..". ;.·'.·.~::.T,.:".:,:.:" ..._...LS~~::;At~QJ1.:L2if~;§)~$f
Natural Gas Prod. Methane secondary . -5.28e-OI -7.60e-02

.~~~_~.~~._. ... __ ___-.·,~=,:,L~_~c:~~~~i{~._ ..;,_"':~,~.~:~~~~~;'9~-·.':···· :.."··::-;i~·: ·;.;;;:.:·:;:':X~.2!r;~:i~f~§~ll@f;:;::E:~~gJ~!~~9,~~
.Total End-or-lire 1.34e+OO 1.93e-Ol

Total All Life-cycle Stages 6.9Se+02 l.OOe+02



APPENDIXM

~ate·Jj~~<P.ro~c~ss~~.,=,i!~;£X~I~,~~~,e. ',",' .'.<~ y"',,"" 'k . <," .. -,,'7'" ';;. .'.... , "'N' m'''x' ""~>I-"r'''' '~'=...~'"
'Nliti!r,aIGas:i'fOd. J ",.. . '., ... ': ',' :, .. , ',' .':.::; " ¥~s2M~b~;'!4:q~14~;:,;;::~;'t·:",,;· ;~~:'~~~'iiiWi~<:~:[;C~J"t:·:;:·".:;i'Z;::i'::'~~~tQl,:'!·t:£5~~rtQ:C

~:e~~~::i£~d1ied,s~~;fi~'s,li~4 ... '. L2~;:~~~I~~,,;,,:,::,, . :',:~~:ik"'. ':'~~~:'~', :,:~,; ._<";~:~;;::~~:::::gi;~f~;&,,:ri'~~~ii~it

< .~~~C~~7k~j~~~6,fi(':; ': :,::_':;;~;,~i~~;~i4&~!{~:{"i':;<:;~2::t:~~~~gT)\7'C': '~I:~;~":<:::(f;!~~-"}r~~~'rf~~~l:i!;:,~p~~~h
Aluminum Prod. Carbon dioxide secondary 1.34e+OO 2.2Se-Ol

'stYien~i~u~di~he C~~Pl~'Pfuci~.-, .·.'::':"·'::¢jir~d;fJlQ:~~:'·',.r~,,::·t;1~:'~~~P~;;;~~_:~"·5~;~:!~2:'7:i;X:~;:~('~~:·~zia~~K6-i7!.:J:~.:;'-I:~~!~
PET Resin Production Carbon dioxide secondary 3.90e-Ol 6.S8e-02
Al~rium ~; '"'·'p~~~iQi!T~tbi~; <,i:' c.··. ;::;~:~ ~~~fu!;n;':T'r'~c;ir;:;7;:~:;"·~!,:~.:~:~}';1:5~~~~~:z)IC~~(..~~Zl
~=;~:~~~, .,,~:;~~i~e:~!~;~i~F$~' "._rl?~.. . :"7:':('..:~ ":~~,~~ .";~~!i~~~~r<, ?""'~1W~&
Polycarbonate Production h Methane secondary 2.38e-Ol 4.02e-02

s~~~h.~,;:&61r~Q~M;~emr·ii)lis~d " "Ni®~~:~~~r';~·;:.;c~sr:';Y;~:~~!fu~t~:1":L~'?~:;;;/):~:.~~;:·~;~~~:I~;52},~:!J~~'&r:;':~~?;~1]~~
Steel Prod., cold-rolled, semi-finished Methane . secondary . L12e-Ol 1. 8ge-02
.~~Ii¢;~Jtildi~~~'CdpqJ~cif·~~<;.- .. ,< .··:'~~~lh~i8~::;(T,'~':·;;If~~']fR~~'J;~·!)~:';!;rj;';J:::~~'~r'~'~l~~:~~;f~~~!~~~;:;l&k~
Aluminum Prod. Methane secondary 6.2ge-02 . l.06e-02.

'.A:l~nri~,I!f~. '.'" ,Y;·:;:?~m!i~i~~;~1~_=,';~:<It~~i.~~7'1~';,::~{':;r?{zrj?;:r;;NY1ji?fg~~~t!;2~'~Q~'~:;E~~
PET Resin Production Methane secondary 2.10e-02 3.S3e.03
Al~riuiil,Prb4:' ;., ;}~l~.~~'¢¥.t4,e;,.y:·,:·!:t::~r~?2;2[~~[.:;;:';?i,·i;Gr:::; ~'~;~]~~':~~~Z~2~§,~Qi'I{;'~~~~
Polyc~bonate Production Nitrous oxide secondary 7.9ge-OS l.3Se-OS

·PMMA'Sheet 'Prod.. , ,,·~;:;.:NI~ti~'~ifr~~F{'.1~.~:"1.:1:I:;~~~~~~7~~.:f??:'''fi2·:':(;:'7{2~rJ5~~~~Q~;3:~:;r.<5W~

;~:~::~~;~::o~r Ptod~;':'" .:,-, :?'~~~~~.~~.\.':":T:,;;:;~;i\'?1~~~~~~ii~i~·;r;i~;Sl::'~3Z:~~~~:,1Ig~Y:Z~~~·:)~~~i

·i~~~,~lr~~;;;~~1;~7\ .<·:·:S:~}t~!~~~[~~]~~7i.~E:'~:l~i~~:~r~~;~~I~J~~t~\~~~~-1fJ:2~!:1~i~~i:;?~:iJfi
Manufatturing Life-cycle Stage
.~~~!,:.-'~~;~~::)~'::'~~~.~~;.~~:~,.:;~~~~~~~~

Japanese Electric Grid Carbon dioxide .model/secondary .. S.18e+Ol 8.72e+OO

.~' ~<JdU~~~~;~' ';" <;~)"';,t<\;~ZMh~~;~\i~}·~tr:<~i:~~:'tt~~:~~~S:~~:-:i~~; ~j2f:j::::;~~]~~~([±~~~

::::~:;~!: ':~;:~"" .:: '".\. ~~ ·;:~'1~~~~:~!f7;.: .:';::~i~:;:I:};·:~"ii~~;~~2?fff~:'~f;&t~!t~;~~*:~:g~ii;i~~~~
US electric grid Carbon dioxide model/secondary 8.61e-Ol 1.4Se-Ol

,tpQ;~Woi~quJ~f ·:{.?;~.j~~;~l;1~~~~r~~~- (:.:~':;: :~;H~'t~'~:f:~~~:~;:~t~cfj[~'~'~;::~~:;~~~S;~~~~ITf(9]~~:qWf~~i~~[~~QY~~I~;~~?f!Y:A~;Qt~
LPG Production Nitrous oxide . secondary 2.41e-Ol 4.07e-02

-iib;~s,;~:~~.;.. ··· ~. '.' ,:.i~I;?;t~ilti~:ill'Qx1~t~;j~~:0.~~~l7~Tf"'~?;~~:;;·I~:l~mf~'P~:;~~;0I~£0:~~7Qy:~;-~'~~
Japanese El~ctric Grid Nitrous oxide model/secondary 1.17e-Ol 1.96e-02
I:~~l Oil#~.Pfud.. . ;,( .,~?',:~~~Kffi9~dE":·;'?';'0I':;L~~~mr.~~r1~'>:~?>~;;:C{'?"::1;r}:)i:;~;:"~~~;j"~~~~Jrk:'7;X;;:j:;:rW?Ql:
Fuel Oil #6 Prod. Carbon dioxide . secondary . 2.90e-02 4.88e-03

Ui~\~t;iic':grid,;' ••~~i.t;;~';·M~~?~'7t:j10::J!~:Tli~~~JB~~&~T~";;:~';;')~~1{:~.:E~5'5:::~~~~~~;i'~;:;A;:~~~~
Fuel Oil #2 Prod. Carbon dioxide secondary 2.0ge-02 3.52e-03
.fti~Pil':#4·~· ;;~;;{}${&~~~;;~,;:,::r~;:"TG"?~1_jl::1~:~!r~;~:;~?:~:?f'~;;"':i2!i~~~7);1it:!'c':~~f~~4~TP15;C::I~fQ£
Japanese Electric Grid Methane model/secondary S.74e-03 9.68e-04

:~f~ri~·~~E:,)1;;Jt.i;1(,o'T.7:;¢'7~~':~f~"~t;,F:W?i;~~~~~~;~f~~~W'fF~~.£:~:;~'3f'.2[2l~"!1']!!f~~5~:~~~;i~~i~~,\:':~~;;tH~i
Fuel Oil #4 Prod. Nitrous oxide secondary 2.7Se-03 4.63e-04

Monitor/module Carbon dioxide primary 2.16e-03 3.64e-04
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,.i'~~~~;Q~:~·:c~·:;ti;[~;:QE
5.05e+OO 8.52e-Ol

,'. ".·.n::::i'"g;~~;,Qi5:·,'::'.:'~§J'Ip!

Table M-14. LCD LCIA Resultsfor the GlobalWarming Impa.ctCategory
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Total All Life-cycle Stages 2.05e-05 1.00e+02

secondary -1.28e-12 -6.24e-06

secondary j;~~;i:i"~~~8,i;~Q&,
secondary -1.9ge-11 -9.72e-05

'secondary". . -.5.-7.:7.·.e.• ·.·...·.1.',.'1.',·.:::· "-i;~2~~04:., , . _.?c!.•. ,,,~,,,;

se~ondary, -652~~1() -3.18e-03
" ,~~()Il~: ' ;:2A~i~q9.;:..~'ij:3i;·§7.:

~l:con~ -3.57e-09 -1.74e-02

st;congary~i.§i~~Q1· ···'~:~;ij:1~fQI:

.1.6ge-07 -8.27e-Ol

HALON-1301

1,1,1-Tric,h1oroe~e
HALON-1301

1,1,1:-'Iiic41b~oeJhan~
Bromomethane

Brpmomethane
1,1,I-Trichloroethane.

Brom()methane.

CRT LCIA Results for the Stratospheric Ozone Depletion Impact Category
Process Group

TableM-15.

CRT Incineration

Natural Gas Prod.
Fuel Oil #/4 Prod.

~el Oil #4 Prod.
Natural Gas Prod.
Fuel OiJ #4 Prod.
CRT Incineration

CRT Incineration

Total End-of-life
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+t:~'~7?:''':~'!t:t!¢~f6::.·~ '.',§;j~Q~:
3.63e-IO 2.64e-03

;,~.;.... ;,.> '.:"",-.:'- -'5"i"- - ":',;,'r.')- .~'. :,>-~t£,~{:£;:~;;",-j~:.,

.' ,,:~/'r&l~~Jlr' .'2.02e-03
1.63e-ll 1.1ge-04
.f95~~l.2:; ··'f~~1$~~65

6.33e-14 4.6Ie-07

" ·"t3:20e:i4>":i.~~~~&f
-S,44e-14 -3.96e-07

" ....., .. '-11:2'8~~,h ':',;;crO~~-Q~:

-9.22e-12 -6,72e-05
.:- '" J<- ~"¥' .. " ' ''', .\<.:~:~:-j2,.;;~:

··,:h3.2~;rl ,,: ~9~S:ll.¢~Q5
-3.Sle-11 -2.78e-04
~ '.,.>~ ," ,,'...... •.. ':\I:"'<,'.~·.l"f"~·;

.4jOe~10 . -,S;I4ec03.
-1.78e-09 -1.30e-02
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:~=!~~~R~~~~~gLij(~-~y'c~~~s:g~it~}i~N(fL';~%'9"~,Qary::"C',~:~,;;;i:~:\:":;7~:':;;:i:~iQ!i~,T~'J:gj:~±®:

,~:~6~,;;~:.og~q"semi~fi~iSlled' ,~~~~i~~\:, "-'~::;", ~,~ .',J~::,',~' '! ,'," 'r~~,'~', :~~,,"~:::=:,~=,;~~~~;'~~ ~,~:'~; 1~~~~6~z

,~::ig:;~=:, r~it:tti~6y~a!1e,,'},'D}~~~~~~ "'" ':~':'>~~;':':- :"t~F;:~,,:,,'~~:i&~;~fb},~!kti~~~~
Total Materials Processing

M~rtJiia(!,t~iipgXite.~~y~l~~'ge

\~~~}:~~~~;~~~~: ,-:. '

Japanese Electric Grid
riGProd~b~ciri" .
JlIpa~~se Electric Grid
ft)§~ritricgri.tt ,c,

Natural Gas Prod.

::~P~f~d.d~~ti9£}""'·"
US electric grid

;~~:PrOd~9t,f6Jf:: '
Fuel Oil #4 Prod.

.:k~,~t9ji,#§.:P~Qf{,
Fuel Oil #2 Prod.
,N~tJjtalq~1PioP.~,
Fuel Oil #4 Prod.

'~~iQHt.t§~\
Fuel Oil #4 Prod.

fM~fqij4t~~~:,>
Fuel Oil #2 Prod.

,fu~i:9ii1f6,~§g~',,',
Natural Gas Prod.

~]~w,:M~~i~~ftt,J;ji!g:'"
Use, Maintenance and Repair Life-cycle S
'"y,{~!~ti}~8ri(\>';'!X::,: .:rX!.::i?i)~f,t?:,,;, :3;J~,r,~m:,,~~t,;;:' '"", ;::''':1;~<;Y~;:~~![h]~il~~:~~~,~~'~'::~'~': 'ii;:·,,;e{'(;~~~;'~:'ti~e:~~ ;~:;;~}7~e'fOr
us electric grid .. ' '. . .•. ,. .. • '.•. ' ,l,I,I-Trichloroethane model/secondary 8.5ge-08 6.26e-OI
'f~~i~~,~~p!e,I,i~I:1~e 'a!t~ll~p~i~"/'i'; ,; :'; ."""~ ;f;';/> ;\.>,:,,>;:~~;;;;"~'~~i~;:o~'rY5i:j~~p~

,;~r.~:~!i~~~!it:?~~~:~~~~.·":.:;:!<.,>.~~~~6~~!li~~~:;:7;'~;t?c:{}':'~:;;¢~~~~&~it8~;{\>·>,;,,·,,'c'i"','£'

~:~~l~~it.r ',,> .';":'. ;,,'>,:"):1~~~~~=~~~::: 'i:";J~~~.~:
'~iS&~~~:,;;' '/;·0~~¥~g~~~t~;~>:';:~·!:·{};~k~~:.;§?~~·~··
LPG Production 1,1,I-Trichloroethane secondary
-'. ~....,.. ." ,,' ~':r.. "":"." '-1,,;,,,,,,~">'~"~~"'~'~""~'>"'''';''< ,,! .:;';,,:.':' ~-";;"" « ,.,--, ..••. ,.;--.,.. ·,·"t :.~

,r,P9.P.rOl1ilQ#dii ·',;,;,;,:>~N~l~(j~·:: "'.4•.....;. >'.,:L~:~~pJi>dary,.. .,'
Natural Gas Prod. HALON-I 301 secondary
:~~ijp~j~e~ft.~n', ':<:~':}f;,!7;~Aii9N~i;~g{ > ,v':.: ;'::,~,~~:;~~~j{a~' "". ,.;,,;,t""

I, I ,I-Trichloroethane secondary
,'::~:;}::l0;~if~'i-iQ~~:r,:~~;:,~:;.:: "~"':7?'~:~:ri¢~~~; ~'iF~t~"~~>"':"

I,I,I-Trichloroethane secondary
":~i:~i5iJi;~~.tii.i~~i:·' ':'?:~:?:>;::)~T$~'~ ..... ' ;.. ' .,; .. "'- :: ,,;.

Bromomethane secondary
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Table M-16. LCD LCIA Results for the Stratospheric Ozone Depletion Impact Category
'Process Group . '.' . Materia}':',.' ... ,;" ~:','~cf~'~~~,;{E~ri~,g~il~:ij~:~~~Z(;:~~,~'~~rt~~~~::

~~J:~~::::='d. __ .._:··=:~·_~~~Is~~~e~.,_.,~~:.~.~- ::;~:~~ :,.; ."". ',",' .. ,,~.~:":,;~i~·~::~·~~"·;\~,:I~~~6I:"ZqiiW:~i~
Total End-of-life -1.11e-07 -S.lOe-Ol

Total All Life-cycle Stages 1.37e-OS 1.00e+02
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Table M-17. CRT lLCIA Results for the Photochemical Smog Impact Category
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Ferrite mfg.

St~iIit:qd., cQld~rgllt;d; seini:''f!Aish~,~
Invar

rqlycarbqnate Productiqri
Ferrite mfg.

EertiteIrifg~ .
. Invar

:S~~l ~6ct"c;old:~oire£seIIliAinjs~ed' .

Fe~t~mfg..

,;J;~t~Mg,.;..·.·
Ferrite mfg.

~~.~.~~~.~nti9~:, ~':~:~ :

:E~tti~:;;;rg,":..:
Invar
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secondary
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2.50e-14

·'<z;aa~2t4
4.38e-15
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Table M-17. CRT LCIA Results for the Photochemical Smog Impact Category

~~!!ilc::rnfg~ .}.~~:pichlm~te~!,u~~?~Ih~nc;:>< , s~~~~~, ,.". 1.54e-16 8.98e-14
my.a.!., ,l,j:G.~~:!~". ~~ond.ilry: 14i~+iJ~: :~"ll';'~·~~mr

fe:r!i.tl:'!!!g....I!gr.:c~~L .'''"" ,,,. " ~,.,,:','" ,~~c~n~~. hJ:~?~:l~ _, 12~t;~~~.
l!~.~,mfg. ... _.... _"""""""'" Qi£J!!..Q!2@1Il.QmII!~tJ1l!!!.~. ' .s.~co*Qaiy . ,.t;7~~,1~ ·7.3Qe~1~

!-o!a.:l~~~teri.~J)!Q£~~~g__ --:~--,-- ._-"" "'":..:''' ". ."t'~2.~:o,Z..,::;E;~';j
~an!1fa.EJ~gJ~Jf~:9~.!~~~g~ _ ,.,". _:.,., ,F.•

~,...~,_~~~~~.",.:."~.'.--~:~~." ..~'.'~':-.'~.~.:-'.~.~:~[~~~::~;Y:;.;i;i~;;p.~i;~'·'"·""·'''"~,,·,6~:~'.. :··,·",~~·,·,,··:'tt~~~a~~~~~~+, .. _._~__ .." ._._,_. ,__ . __ ._, ._ _ ___ ~ .'.' .,_, _~ " • J:i-""-~,",-,,--;.('_,·,·d-, .. ·,.·.·.,.,,.¥ ~."'H"'"

:;~~~~:: ...,-=.-:=··'"·=·:·...~~;;~~~,·:.~='~,,~->'~'""7'- ..~'",.,,;~"~'~.,.''''"''''~''~~~~ •... 'i· ,,"'> "~";.:' ·,,":~~~:f*~~I:'·'::rr~i~i
CRT lube mfg. . Toluene primary""", 2.16e-03 1.26e+OO
N~tUn11 Gas~~' ,'N~~etharte hy"fu~aibons r~~~~g·k;'~p'~~i~ted~·' "';~bri~. ":;' '9,·::61~~o,·,,4,:,; ':,'~,·"..·~.7,~P,l,"

__"" ., .• ', ""'~" ,,, _,, ' ".. ,.. ·••· ....l ..·'.. "..r .. •• '.'" '," , , .. " ,...• ' ."

LPG Production ". Aldehyd~ secondary '" 6.61e-04 3.87e-Ol
~~~9ii!~~', .,._,..._::~~~=·~~~ •..:~'~~'gY~~~:i~;~;g-'~~JP~~t¢·.··.~.,,".,,.,~~~;;;;;;y.:,. '., '·f."'·"·" j;;~!!~~~~"";t~~!~!·

,~~~~~;:=.~:~:::.~ ::--.:~:~:.~··,~~~=~y.~.¥~;;:-~~~n!llg~~p;;;i~t;L·" '" ~~~t~~'-:' .,.. ,.",,," ),'i'~~~~~~ ..'~~~?Ji~~J':

_~~~~.·,.::::.~::.-:: ::__:~:=::=.:~=~7=.,._ ....,<=:-·....·.. -:"··:····.··,_·:·..·-::·:.. ~.- .•:':::·~~=:;,,1~i~:~' ..·..:;~;:::·T:":;'~ ..~d~~~~it';!~!~~h
i~~~~~~··~ ..:..:·... :--=··:·::--==:.· .. _;:;;;::::=~::).- ,:..=..;i..~.~ ..--.::-....: ... ".._._~"-:~j~~~: ..":.".'~.:~:::·:~~;-~~~~if:(',7;Hk;~ij
~~~:::. ' .•:~::~',._;••".~ ••_,•• , .. "';C. . .h··,~"f:,O"'·~~~~~¥i~." "c,;,·.··;.'?"~~~;~,'?r+~~~ \
_F..!l~9iJ.~2 P~od~. ..~l'!!t:~ar~0O'-s: !~maill.i.I1.!l~1;1n,~p~\~~ "." ,_.n '"",.''.'~.,r=e,~~. """";" .,'0' '0"" <'!'2Z~~9f,-,... U~e;9~!"
Id'.Q ~_'!~ti~ll, ..g<;~~L,.:~!&9o.-~;...)~~:s:~~Q4'l':~~i;iQs~Q.t

:~=~~~:~ ..~::.:-7--.~ .. '-- __...,_~~~=~_:~~~~:~o=~~reIIl~~~_u~.s~~~~~~",·,~,~if~-;~y":";"'\~" :'[::tH~~~l:~;;i!~~~j

~I~jj~~~~. -.~-.=~· ..·,~-.:=·,_-:-.-. ..,~~ti~;~~,:-~=~:::~:.,r:=~i~~.~~.~P~~=~:~J-.::;_~~·i~~,,\t'~:"'~~·:." ..':2==;'~~;r~~i2~::~~;
I ~~ciil~7~' .- •~i~~~~.i:i;:~~:~;:~~~l~'r~'~=·"·_-.,"'~~~~;~:::·~~,,~;,,<ic,~'~"",.v;H~~ti~::~d~i;i
Pue! Oil #2 Prod, ...M~~~:.. ,'''''':",._,_':. "";""'V"-"H""""""">i.r"'_'''''''''~:;~'~~''""'''';''''''; "'~'>i;"";~., .••"",,,~~;;~~,,;",,:~~ •
I')VJ3 t1fg· ,F:q~l,c;tellyde ...... , '. '. mode!ls.e~0I!c!aI'Y: .' . ,., 1.6.3e-95 ..9.,5,?~cp,3,'
Fuel Oil #6 Prod. Benzene . secondary ... . L55e-05 9.06e-03

~l0i.l~ ProfI· ,.N~I:~1:11),cIroCaib.o~ •.r~~lIi.ngulll>p'epi~~t!.:7~;;*~7··:~ "~:""';':l'":'~"':?',[f{~~QtL:~~;47r<p:
Fuel Oil #2 Prod. Benzene secondary ." . 8.06e-06. 4,71e-03

~~J.Oil.~(U)r0.9~ .. , .. .., .,g()~~~I1Y~l\ ... ";" _.,...,..._"'" .. ,."._...'~~~~~~~:, ·:·~.(ji~:g§i·:~':~={&~:Q~.~
Natural Gas Prod. ,._._.,,,_~_.".,~~!tr.~~.,_.. , second~ 4.77e-06 2.7ge-03

]~;~~ ~1~~~ qrid. ,fg~I~t?1lY_cI.c:.... · ~'~'=":'''''=::.:'=~~:i':~':~'~~""c~~~6;~OW?W~c:'":,:;±~Qf;qr-7F~\

~::~c=· ~o~~~~; . '.--::,;""'~':-:,~.;::I':.~~~:~·~.::;~;~2~~~~:::;~c'::c;~~";-"<:';;7~~~*~;:=:~~"
Natural Gas Prod. Ethane ." .~.~ ....",_.""~,.,, ..~S~~~~: ." "M' " ..."",,,,,. 2:~~.:;O~,",x"(~~,,,
Natural Gas Prod. , !'~I!\iI.n~...w.... ..•.. i":~ec,ci~dl1ry,,,.' . ".' ': ."2.3.?~-0§., ~AQ~9dc

~~ic::. ,~~:~~~es '·""~~:·:~~~;~·:'.~·.·T,:·':":~'::~7',~i):~~~.:~:i1~:

::;~:::. ~ii:~,. ,.....; .....:··'..;·:.~:·::?'."~..~t~"~~i"';·"1::'":::~=':;~t~~;~li;,:i]i~;,
~::~=. .~=~J;Y.d~ ':"""':""'.::M"~-·'··~·7~!·c~~~~~""":"~""'i(~: ";~rr1~i"S~ii~~!.
Natural Gas Prod. Hexane secondary 1.6ge-06 9.87e-04
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Table M-17. CRT LCIA Results for thePhotochenncal Smo~ ImpactCategory

~~: ~::::::: :~::' "j~ii~·'.:,;.:~;,~.'.:;;::.::::~lfjl:::,;~~~w:.i~;~
Natural Gas Prod. o-xylene.s~~~I1~~ ',," 5.27e-08 3.08e-05

LPG Production Dicl,J1or()lllelha!ie...... ,.:u.•;.~::::,,~" .. ,§i~g~~,.::: ,'". '" "c:, ·::::::·:~:6.i~~Q~.:··:::,,~~~f~Q~~

US electric grid Xylene (mixedis0J:n~l's) ';'.,,'::,'ec.)~,~~.s•.e~~,otary.,•..:.•" .;,'hQ.3~~,()t..2.:~~~~~~ ..
LPG Production Ar()DJatic hYdr()(;arb()DS. ..,' .._1":':e:'J.•. ..• , '···4:9Q?:QL.:.2;3~~~qt

US electric grid Hexane model/secondary 3.9ge-08 2.33e-05

Japllnese ElectriJ: Grid Xyten.t:.(!llbct:c1i§o.~t:~),., .... ',;, ..• ::.1p~f'Y§~,~9~~ilrY'·:~/~Z'.: ..:]1i~I~:;:.:·:;i:llij~:Q~:
Japanese Electric Grid Hexane ....~<?~~lIs~cond.~ry 3.1ge-08 1.86e-05

N!1tural qas Prod. Toluen!l_., ." ,·'~ .•~.:.".;.;.; .• ::~SQ.iig.¥Y:: ).::' ·;:·':E;;'.:,,~~i;?r~;9:t:~.jj.7~:QI
US electric grid ~tyrell~... __......:..... . ._~o.d.~II~~2PJlda,ry . 2.72e-08 1.5ge-05
LPG Pr9dllctio.n <:;upt,e!l.ll... __ . ._..•.. , •.c~.L.".:.§.~C.9!\!!i!ri';.·'ji:>.2::.H;~~7~~=.~§.:L:Iiij~~Qt

~e~~~~.=. '·~:~~;~:e... ...'n••...:I.:I.L~~~~~6.~[~::;t·;i:Z,::!::HI~ii:::=:~I~~~:
Jap,anese Electric Grid S~l1e__. . model/secondary 2.17e-08 . 1.27e-05

Y~c;l~tri~.&rtc!. ... _._.~.~l!.zY.~S~2!i~~.~.··· .. ····--·· .._~.·.·.·:~.~~~.·.·~:.~:·:,~~.::;:·;~~:~~e]);~2~~~2\~:.~·1:·:,;:C.~i®:~QiT:}2L?i~;Q¥~ ,
USe~ectric grici ... MethYJ!ert~but)'tethe~model/s~condary . .. 1.~ge-081.17e-05
.!J.1t!=I~~.~.grlg... ..~~n.<?J, ..' : ..;.....:;:.•• ·C.::L;:;!ii.2fi;jf~~q~~· ;(~,.·.;::·:,,;~G.1?~~Q~:.:~,]~91~~9i~

~~~~~~;qQrid.. ...~;~~~J~~.. ... '" _..._.._...:;.:'.:::.,,':::,:.'.::;.~';~":,: ..~~~~~~~~~.. ':"",i~~~~~Ai~;k~l~1~~~~::
US electric grid ~<:'~!.Op'll~!1.9Jle. model/secondary . .... ..... 1.63e-08 .. 9.55e-06

y§ c:1~!J:ic. gricL.. . M.c!,hy!c:h1gric!c:... " .._. ..-. .;.......<.::·:.;~.~'·.=~f~::E'~l;fI~il~~~~~~~i; ·~.',:,;:~: ..;:]~~'~~:Lrg~2~~§!.
JaP:lDcse Electric Grid lItI:c:th~l,teJ1;-~':I~x!~!!tc!, ... ,.. model/secondary 1.5ge-08 9.28e-06
.t~P:l\l!es_~ E!e~tri~ ®.c!. .Q7~ylel1C:.· ,._... ~........... ;'·.~":.Jqllit~!f§~q,~~~~"""· "Y""':7::::t;4i¢~08":'~LJj~~~:Q§:

.~:~~~~#:I:~~Qrtd_ .,..,...EJle~Q.L........ ··~·"·····",~,~~~~Q~~~·:,:'·:;:·:J~·;,;i;1i2ia¥:,··,.J;~;
~~!Q~I~{jl'.I'(:)<!~_. ....,Ac._~~)~~hy_de. second:uy . .... 1.36e-08 ... 7,97e~06

l!!P!~~.~glC9t;ric 9!iL. . j~~~Q!1!!~':lQll"e .. ,,~_.'.. ~... .:..• __ , ;,.i.:,,!!!.~~Q~~;~~!'t. '''·:?;.:::,·::!l~~~ii~·,:~iM.~~Q~,

~~i~:~~~~:.9.ri<!... '.' '~.:==~~".,~ ::·.~~~:~~~ll:i~k;-:::::::.-: .. ~.....·::.=::- ..",..~~_:.,:::~~:,:·:::.~_~~~~:f~::::", ••~';·2~·~~c,:~~~~;'d.~:\:.;~~i~~~:
.~.~tlc.ti~, V!!1>'!~~~~~C:.•. ~..- .. , ~_.. _..._.__~~?n~~r;" .;... , ..._" ,. :;pe:~L .~~~~-9~.,

_~£.1.9iJ~§.IJ.2:d~ _ _..MC?~y!e~y!k.5l~.Il.e __ .._ _ _~." _ ,S,e.!?2!}S!lI!Y••. '. ..' ,._ 2_:.9!i.c:::,QL~. 5.L~-.Q§:,

~e~~~~;~. .. ... ····,·;:~~~~~;~iP.;~~·==:~·.:··::: .';', ::-::,=::I:::~;::;:~:;:::~~~t~ri~~~,,:...:,;,'::::~,~~~~ ~diL·.:U~.~

~~~:.::: __:.:.:::- '-~;_:'.::_:.~~~::~~=:::;.=,:,:"'-=.'''---:'' _..~ ~::_:. ;:,':':-"._~,".:~~: "".--.'-.""" -';:.-, ':. J1i~~~;...j:j.f~~:~
~~~;i~~::=<!~:::.::~:,:::::-:':,~1;~~f~=:~=,:·=-.::: :.:,,==':::' '-:_=:':~::' .. :.'::::.-:~;::.=:r~~::~rI:.·:L~E;·:::;:~;]~i~:~2:~;:?il[~
Fucl Oil #2 Prod. Toluene secondary 6.37e-09 3.72e-06

~IgQ,iiQiiY9ti~~·.-.=·:·:_~.="~~=.::::==-·:=.:·i:4.=m~~2!;£~~~ @='~·:::'~~-=.~,~~·=.=.i~·.':.:;:~;:"\:==::~·~·:~~2;:~·}·:~f·:·":~"'··2';·:·i.t~:~1~~~2(.:7;.:J,,§';iQ!;

:~~;~~:.'......... . ..·:·"~~~1~~i~~:~·e,"'''''''····~'7·-·~':·'';··=·~·'·''·:i·"~2:~~~~~.·:::.·· :C};,;;!;~~_:1:::{i;~~~,;;'[i;~:~~j
.~I~:~~~::;.. '"·.:{;~~;~!~~i_.... ···'·-···'''·-'.,:;:~:·:;~·;':::,:::,:··T.:~~~~~3d~1::·'':''T:7~;~i~~~~~~:;~~~~;

g~i.~ii:i~:_.~.··;·-:·:·=:..·." ....__._.=.~~~~Y~;.:c"'"''''·:.; ....:...,",c..... ; .....,,,.~ •. ,..,... ,.•.::·L'.::.:~,:'i~¥:~:;,g·':;:::E:I··~.::.~J}E:·~li~:~~~b'r:m~~
LPG Production Fluorene secondary . 5.28e-09 3.0ge-06

i~~iQ..~~,~.:~:~_ ..__ ,._...c.-=_"~~.~. ii9~Q;11~,=;.·.= ..::.=':,.~:-::.:=:::".:~=7·:.·:":· .•.'....::::;,:.~=::;:Z:],!if2!iijJi~£::;.··/·: ..~~~:i~~Q9"::~ ::J.~.&.Qi~.Ql'
Fuel Oil #6 Prod. . . . o-xylene. . ..... '.. ' : ...,. ". ...... '.' . '. ' ..•...• .... . secondary .•' ....••.• 4.91e-09.2,87e-06
iii!9i!~::::~·=:::=:_....::.~:==--=-.~~pi9;~i~~~Y.fi;:=:".-~:" ··:::=:~:.:;.··'::=::;_:'o:.':==.::.::;~"·~;R~,: :'c.'•... ;,<;: .•.. ;:·:r:.4;~I;:,QE:: "i 2:~1;;Q~·~
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Table M-17. CRT LCIA Results for the Photochemical Smog Impact Categor~

Fuel Oil #2 Prod. Chlorofonn "S~?~~ilfY 2.60e-11 1.52e-08

1'tI~9Al!4~~: . ~thyl~nJlffip.!9!!lLd.e...... ...:.~,.<~~~ .. ".~ ..·.•.•~'~,~,,",~~Q!!.il,~: ... L.:...:L~i3 ..·:~:~.2.§'~IG·Zi~q[
Fuel Oil #4 Prod. Acetop~enon~.. secondary 2.56e-ll l.4ge·08

Fu~l Oil #6 PrQcI. ~2~9~n_~n.e .•... "...... eo, , ••.• :;"",:,".,.~.""".";,.:,,:I~bh~;;~L~·~·~:;2;·~.J,:r:~.:~~;52~~H;.;;~J~!i~li:
Fuel Oil H4 Prod. l\.1ethyI c.~I.ot:ide . "c'" ~'C"".'.;,,~e:f,?e?~,.r. '.' ",0,; ,.,3;j~~~,~l"):1~.:~.~,,
US electric arid .?~M:ethy19)1ry,(len~ ... .. .... i ....>."." .• ,*.•.., ,,:,..,.~.I.D~§'~9i'l~J!~ .. i.;.;;.;: .. ,,::£;'4Q~,,~lL;;:.!A~.;P.1L
Fuel Oil #6 Prod. }!I.l~Trichlo~oethaIl.e secondary 2.27e-ll l.33e-08

NII!!J,rllI~Prqd· YmyII\(;e~te ',:,'".,.' ..~;, :~~~~n<1!iiL";:"~::::,"':';<2:~m~1l:~~,:mQ[

Fuel Oil #6 Prod. ..Pyrene ; .. ~ec~n~~..... F ",", . '/ .l:9,~~;;!.<~, .n .1;9,;;q~..
~Ip~~e Electric Grid 5~¥etl:1yI C;lll:YS~D,~." .•, .oi,,;.~~1£§~.2Q!J!!IDr '.<' , ' J:n~-tL".:~Q.iL

.~:~~~:~::~ . . ". ,. ·r.~~~~~:~~::~;L~., .~"".,~~,~:L ..:<:., ..~~~"s.,,"~~~,', " . '.~ r. .,.,,~]i1:~K. : H~~:
P!J~tOi1 H2 Pr~~. Ethyl CWoride. ... ..... ','- secondary l.85e-ll l.08e-08

'~~l.9ij .~2, frog· iiR.~N~~t!!aP~.,,~., ..;, ,. .'.. "" . ,,"'. ...,~,,~:~~~~p..4m;,.~L.:i •.~:II'-:'I.Y:E~;;i~l§i~fi.:~~:Iwl;c;
.~~~~l;~;:. ,~~;::;t.~...::~· ._,. . ...,...:~:..,.,.".~; ...;.:.·,....;~L.j;,1~~~~;.:~~~"""':'~'~E';;C.:.:~;.t;i~~{a:~: ..~ii.;,~~~
Nat!U'll1 Oas~. . CWorofonn secondary I.44e-ll 8.41e-09

•~c:!Q!!K4.~..:-._ __ _·~~.~.~P.lc.W.Q~.1lle~t? ..,•...." _""'~" ..•~.""""'OC''''L'''"'-''''''M!.~~~wirtiri-Y2:· ::,~~ ..:~;;C· .,:~:';, ,_1,;(~~J.:.~ ..:J~l'i;i2::

·~i~~i.~~:"··' '.~::.~=~..;.~;:~~=====~~=.:~, ......,..~.~.,"... '~Lc,L.: ...:.~;~Z~.:~; ..,:~~~,;:.:~ ..:~.::·:::~.D:;;j~:i~d~~~HLZI~~~~~~]
lia!..~!.QllS}~r~~.. Fluorene secondary I 31e-11 766e-09

~elOJ!l!§~~ , ".:".' "~_:....·:~=·::":·:~Sei!;~i!!YI~~:::.:;-'.-'.·.·.-:'.:.. ~":""_"~":""'::"'::.~.~~::·"i,;li~~:·.t::,_·:;E;:;·;';:."'::~.ilf~J~rJ:;::::;JiL~~~o2::

·~:~~il;~~ "_.,_ .._'...'::._~:'~.~.'~'.:~~::!:=~~~~~~:.::.=:::::~:;~~, ..:.._...,~.~.::~::: ..\:::·:~.L~·':l;a:~,;',L~.'::I,.~};~:::d~ll~;~1~2':i;ta~~~~
Natural Oas Prod. Fluoranthene secondary I.l7e-ll 6,84e-09

_5!~L9i!i§.~;!:.·:.:~.:~: .•~':.·::~·~:.~=_·~'~i:±R~i~!Q\~~~~::=:=: .. -~';:::~:::~,:::~::~~::~=I2:;=~::]2i~K~:'·.· ••:: ·:··.::·~K":~:.:t&E,~f~~It.:.~2'§.1S;JQr

·~~~1~~~ '- _ _ =.:.. :.·~ ·.~::~~~~i!!il~~~·:::::..: ..:: ..".: ·· .. ,·,:.~.=.: ..;;.L:~~~d~~,::>\'~.~_;~,is;.~:::C~cE~ :i;iijH:~;id~i~~::

~~:~~~~~~:.:~.=::=:,- .._~~.: ..:;:.:=~.1~~£~~;: ..·.;:-::==:~~===:~::· ..·:.:~:;·:E.':·:::~=,;'E:··~~~i~~T7:1::::r:,:~I~\i;::Eli]~~lb[:·m~~}~~;
Fuel Oil H2 Prod. Ethylene dibromide secondary LOOe-II 5.86e-09

itiLn!!li~~~~~:=.·:"·,:==::.-.::~:. __..=:ii;Pl~~.~~.:-i:...~~:,:. =.::=:=::~: ..2Z·===:',=-:~::::~;;.Q~~,::::~5;:·~s!j~~If:i ;];7sij2E;~Z:i:l~:

iit§if,~.~;·: __.:=_:.. :.:..::.~,::=.=:~...~::iY.e:~;L~~.:=~ ..;..:.,:.:::"::..=:.=..~..~,,,~E;;:.::;i::.:~~~~·:·,,:;,·.{i;E;;E:;i::i~; ,,;~~!~j;;it~~li~~~
Fuel Oil #4 Prod. Cumene secondary 9,03e-I2 5,28e-09

~~iQii~.i·~~·.:~=~~j,,~_.~~~:=~·.=:=~~=:.=Ll,l2M£MQ~l£.~t;: >:7=.··--·~,'~:.~"~::::~·~:::':~,.;:~:::71~ciZ~ ....,,·,~;;L;l.·.:;,,~i,;",::£W~~!I::C;:;iEm~:
~~:]}i.;~~.,::,~:: .....,,~..~:·..j::.:.=.=:.~~~.~~~9i.!2~~ ~~,~~:.:~~·_; ..;.~L,= ••::::::·,:::.·.;:;.::~L::~.::~~7· ~L ••:;.,':[:i~.j:~;~~;~~~~;~;;~imi
:i~~~!~~:==.:=-._.:~:.:~.~-::~::~.~:.=;~: ....~:=,.::.:~:·::·....~:.::::::::~=::,:.:=;;~.:.C::::.~~~·;:·,TE :::·!;;=:,}=~:IE~ii~~H:.:~T,:[rJ~

~:~.~t:·~~~===.~=~=~.:=:=~.-"'~~:t:~~:: ...::~=~~:~:::_ ....... ,;.·:~~.: .. ·:',:.:;~:~d~~':::';;".Z:::i~::i.I:;::'f:[~~~~i.H:E£~~;i~i
~~::N=~~=:.:~:==:·====:·.=::::j]~~~~:~~:=,:=:::=.:: ...,,::,·;":.·::=:;;::.~:,~:C.L.:=2~~~~:'~};:I'E;:EI::;r~:I~i~a~:!G:i;i.i
:~~~=t~~=::·:.· _ :·=:·=.===:::1~::t;.~~ft~~_=·,:-::~::·~:·.~·:_-:~,?.·.<·.~;~,·~;;:·~'?tL::::~~~jt'.·'r".···>,·'.~~.?i~t;:;rTi~:~~;:l~~;~~:~~~;,~~
Fuel Oil #2 Prod. Anthracene secondary 4.88e-12 2.86e-09

:ii'iim!iq~,~::.~:=-~· _=:_:~=:~~~.:!:J:1.~T!i.~&q~~~~~ ,:~~·Z.=~,~:·::.:{.=;,:.l2(';-:L,JjlI;,¢iffi.~~C~L',;';»)~;L3.:·~cui~~!.~:,D7:~i:§~~ii

~~aTii~~~~~~~=--=~:~.~~:=-:=~_.~:~t.~~~~~~~::=: ..:·;=.:}:,;::;:~;(;XC.=:~:;~;::;: ..:zflr;l~ii~i;·:;: ..;;:•.~,~Z;:;.0,;;~;~J~'~fij~·=::~·:~~;i
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Fuel Oil #2 Prod. , 2,4-Dinitrotoluene second~ 4.47e-12 2.62e-09
.~.~~~lrq~~,Pr~, . '.,' '. :·;B¢,~pt~j~~.~eri~;"v .~' ~~~b1lit~~!~ ~;r?:'?:~~~,·j~:.~}~·~':~~A~i?~~~,~·:~:~~·~:~m;9~

Natural Gas Prod. Chrysene secondary 4.11e-12 2.40e-G9
",' ."'''' .•,",' ,t· ": •. , • > ~,::,,,," " ::' -~-' .. " t .. :l "" - ~'T#~.!'7~"~" ,,~/' ';r' Jol'; } ;>;;':~;Ji ;~;l' ~ >~~.~':1-:tf.,<':f''''' .J,.-,,"';~~~

'FL!~19ilMPr04:; ",..l!~l!zg(~]pyt:ene> .. sec§.!!g~_ ". ~~~.?' ·.~.~~~-1.2.f ..2,,2_ed)~,
Fuel Oil #4 Prod. Vinyl acetate secondary 3.7ge-12 2.22e-09

·N.a.~fQ~~'ih-¢:'" Jii~~#?(t;~~~6~)~~ej;~·)~t;~';~'{\;,; >~~~;f~)~>';:l\·:::~;t~·?J!ffi~~~~:"Z;t,::o:-':':~'r[f~.r~~¥B%~~:::~.A:~~

;::~ ~:~: ~~:~ '~i~::~~~~Y?~~'~!~!'~t '\ .c'f;;;;?f;t<':';'f;;':;t''l');"r;f!f~i~:~;~'4?:~'J:~?Z~ ~~~;;i~fr2~'±~~
Fuel Oil #2 Prod. Benzo[a]anthracene secondary 2.86e-12 1.67e-09

:F\te.lOil~~~.; ._ ,,'., """," ·,'C;~se~6',:{L:;:,1,;·';'}": ',' ·'.,·:,.'·.;'"!~L:::.'"LX:"~"~~:;,i'~;:·S~~~~'~i:':~; ;~;i!:;0~tC~;:;:~~1.81:.I~:",~"'j%ff~r:
Fuel Oil #4 Prod. Chloroform secondary 2.77e-12 L62e-09
·;f~f:l.Qllff6.,~;). ·.B~~ri;~{ijp~!yleh~!"...·.;>;.;·;:y';~·;:i::5p~~{';·;.:?:Sr;'1?]~ifu~;'~:S7;:;ii ~H(;'~~;~:;';;':~'if~2.i~I!fl1~L:~.it~~;W!
Natural Gas Prod. 2,4-Dinitrotoluene ' secondary 2.47e-12 1.45e-09
;~~t~i:a~:rw:(E,: . . "',/,,{(~~~[~~li]'p~ryi~~¢f~: .": ~:;::>; .~,;~,~,.~:,:,:,:;,,;:;,--",-:':~'"~ ~~~~~"~~?~~:.-'-;"'$~~~,":;: '.I;g~1I-~~,·.,t)t~~

~iJit~ti~~~~,,;:,:{,:·/{,cJ'.>;i~Fr~~~~i~~§~~t~;r.~~i{:::··!·5:,:;'.i{f,':/'~\::I~,~;?~;~Z,~:;;.,;;~~ciiiii"~;?~::!i'\I!X:?[~i;~iff8;:j~~~~~
Fuel Oil #4 Prod. Tetrachloroethylene secondary 2.02e-12 1.18e-09

'J1J1~i:Qi'(;~:Pt~~}·;(' "'~,:Tt:!f,,:rrgWYf§Jil6iJ~~1~;~}:~~:ttf:~:~:ji?'ti,~;):i:~~::~:Ft:E):)~~;:r~rI:fi.~[~~{;;~l::;;~:~~;xf;t~:\:21m~:l'1r·J't~
Fuel Oil #4 hod. 1,2-Dichloroethane secondary 1.88e-12 1.10e-09

:·Weio.iti4.~CiI\':;, .•.. ::', ,/; '.," :·:.\~;;,,:i14~iitci.iik;~b.~i~;i;E;~ }~!::;,~!t'i',;".'.c':";~'JtY~i\;;'~~·:1~1~~~~t'2£''(~:;"~;'[:~~r:2;:\\~bil~f)~~:::I1f~~
Fuel Oil #2 Prod. Benzo[bj,k]fluoranthene . secondary 1.76e-12 l.03e-09

.;,~9,~I'QJ{4,M~~Z·'·:··:. ..;lLfl~9¥~~':::::L;:.';:'F:f~~~7"'~.'::~'~,;-:§;;~';':·';',:{"1\J??~'t!::~:;{:S;Q~~~f;\"ii:'~~~~?;,':~;~~~:J:1fill~r;::~C~~
Natural Gas Prod. 2-Chloroacetophenone secondary 1.71e-12 9.97e-lO
,f~~tQ~~d~~~· .>;;/' c"",::. ;',' • :,~ ~:~~[~]pw.i~t' ;'-~ ~' ~ !~ '::' <',~,,':/,:'.: :,:',.~~~~cl#i(~~:! ??t;:~;~:;rM~t'~'it~;);'t':':i~f'tf;:lQ'~

Fuel Oil #4 Prod. .pJuoranthene. secondary . 1.40e-12 8.17e-1O
:;~q¥jiQ.ijji~~~;,., ':'::':::2;'" ,,-i"';, ·.:;;~;jE;{~M~%i~p~1li~(e~~.;::::);t;7)'?:;.s":~{,~'cc.;:.};;~~~:::fYt:';i~j~~~~";z'i,:rjttt~,",;i?'!'~r~i78,~tt{I:;)1:t~1~~
Fuel Oil #2 Prod. Benzo rylene secondary '. L27e-12 7.42e-lO

;i~~tQij4jt~®::'.L,.: ::~;{;~~!:'.iiS'. .~2"77~:i7r;tfi~:~~~'?:\~i~~'~~/f;·:IXi1l~~~Y·t~~~~;',;);"o/~r :':;~'~j\:?f:;;':~;f1;~;~i~~:;'~~"~~7,;9~):ii:

[#:~t;bil:;t4;~~:.·F~;~~kVlf~f!~7'1': '·~!:;'*:',~~f"::~~~ ifcf;{!!:r:;';';';~~f;{Ji;:;,::~i~~;~'i1t:FV;';{f!;;;J;:;:~.t~,~t~!t't;~~~~
Natural Gas Prod. Benzo[b,j,k]tluor~nthene "" secondary 9.72e-13 5.68e-1O

.' ~J;l,Qjl#4i,£~::',!. ·,·~~,,~,::,t,'~l{t#cWQ}'*@t,' " '<#~4W:?:';; ··:;·?;"i~r;:~?9~1I~!);$.AWit'<f

;:~~t6~ii;i~~:,,'"'' ';,·:;?;:,~~~~\~~~f)j;{~~~:~:..:l',i:~::·::\);:~t~~~l~;t'!~~~i~fB.:
Natural Gas Prod. Aromatic hydrocarbons secondary 8.08e-13 4.72e-lO
i:E~~;,ci~r:#41~~E·;:.:. ;j,,,,, ,·;~~">/~;.':\j::A~i~~~~tliYii{i¢~::\'·"'\l'· ;~jY.,.:},;.~:;~,,: ,;~,'<:~~(·?;·:::,,:~~~~~tt~:,~·/~;~~l: ',r',~;~~~~ri,~~"'$~b7t~j'Q

Fuel Oil #4 Prod. Anthracene >" '}>\;'J '0/,0;' .,."..,~~:~, S.OOe-i3 2.92e-IO
ii~~tQlj~M~~bd.?:I !;:U"ti:;:;~:"::?:!"";~;?:4~pmim;JQJ~?~~/',:(~i":::,'~':~,, " ".,c' ,~. :.s~ondary ""'/y; ~-';: ::~ ;:;;.4;77.~;{§::A~\~;~lQ
Fuel Oil #2 Prod. 5-Methyl chrysene secondary 3.51e-13 2.0Se-lO
E~l?iJ;>fl:bj;~~:Y":"\':~';"', :"" '~i_¢hiQi~~~~op'l~ilon~:" y. [.;~,{i':.·,,,~;,,,~;;~~Qn:~]';":'"";;';, ". }3';~Q~~~bt·~tr~sO~ .
!~el()il~4l'!'~;" i.,-.~.;.B,.,.·".Jpe'.~nzo',".''',S.''~.'['~a·;e],'an'",".thia'....."',....'.c'..en".'.'.'.'e... ·,:..•.'...'. .,seco~~ .. . 2.~?,~-13, .'. .1.6,~e-~8
F~el:lJl(#4,frQ4.::::·<,secoliWrY . 2:?~¢43· ··X6~¢·l..Q

Fuel Oil #4 Prod. Indeno(I,2,3-cd)Eyrene 2.12e-13 l.24e-lO
r~{~:(j~Jfl&~,)/'}'.,:·~.::l"<·::·'~~~t!ixf~fu.i~~i~;·>·:!/,:;;.~;",;,,:..." ~~ll}~~ti:" j';i'4l;:tn
Fuel Oil #4 Prod. Benzo[bj,k]fluoranthene 1.87e-13 1.10e-IO

t¥~?f;Q1tH·~;;iO:.'f;:':;:'·:';><·';:c;- .. ~'.:::B.~~~jPyi~~~'/".·1.67~':i~' 'l75,~~rr

~:~~~(~1~J[~;,;":,i::·:.i;;.·;::~~:/<;:<:1~i~~r~;~*~~~:t~fJti~~~;':f":" .'t,":,;~'~i~{'" " .·,:t~~ii~···· N~:~~i
Fuel Oil #4 Prod. Benzo[g,h,i]perylene secondary 1.23e-13 7.20e-ll
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Table M-17. CRT LelA Results for the Photochemical Smog Impact (;lltegoJrY

~.R.~. :.~n.;l~ngtion Carbon tetrachlOride;, "p~..en.'f,t.n.dMf,.. a.,.,ry.'.',' ,. ','e," " ,3.~~S"e~l,~.,-,.,.!~S.2~-,Q8"
1,2~Dichlor~!hl1ne , ..=J.. ,...., """,, ,..~~~7.~.:D:;~;:;,J;,§,~!t;J)'~~

~~~::~~:: ,~:~:(=chlOride ,.,,:,X:,:~~,;i2 ,:i.."" .•,;.f:, ::;;;~:.~~~il=~':(1~1;5~t
~=.:~~:; ~;::%;:e~~lene,:::'~.IL',.::::·,:~~~ah.' .•".'~ '. ",:::.:ijl~th,LJ~~~r§kj
US electric grid Phenanthrene,,~~~g~~:o?,dlu;r L9le-ll 1.12e-08

LPG Production Toluene : .",j~g9..r,lE¥Y/'<:~;::•.. ,.i"~li,~1'~~lJ.:~::Ll;91~~t
US electric grid Viilylaceta~ modeYsecondary L52e-ll 8.8ge-09

LPG Production '.. Aceta1d,e~y~~.... ,,: ';,.,.",,;.w:i'~~;eb~qwy::C:':i::i,':"L:~~J:~§~lt;.,:~. :~i5J~~Q~:
LPG Production Propiolla1!lehylie, secondary '.' .." '.....••....,..',... '.'.' ...••. " 1.32e-Il ,7.?4e-09
q~ ekl;trlc; grj<i ~iph~ri.y'l. ,., ...'. ~ ~",." ., ..~.~isi~i!i~9~~.;,':":.,,';,,;.;X,,1:§.~J£{~::::i~~-Pf
US e}~tric grid .... Cblor()!ofIll .; m09~Ysecondary I.lle-ll. 6.50e-09

I,.l'Q ~l1<:~<lIl M!:tJ1YJ.~tl.!yllc~t()!1~.. . .. ,,".,, ...;,.". .'. .L.,.;~~~~~,:c:·::i";,·:~ ".~~·.~~;;:'1W.7;;ii:2::·~~~~~,~:
US elccl!ic grid 'retra~h.~~ro~t1lylene modeYsecond~ ..•. '., ,,;., 8.10e-124.74e-09

.Y$.~I!i<:i!i9.~tl.!Y.l.P!l,Qg<i~... __ ., .__ ~.'" ...~~,•.. ,.."" ...•»,i::;::..",,~,m~iv.~~Q~~, ........•. ,..•....." .a:..?l~:i.i..;:Tf&~£.:Q2~
US electric grid.1.,.?:Dichlor~Q1ane. modeYsecondary 7.54e-12 4.4le-09

.JJ'Q~l;\c;~O!1. ....~cl()l!<i!.\"A.~.,""",~"<,~"-""""""",,,~,",,,".;,,,'-,;o,,,~,,",,.,.~~j~.Y;.:''•..'.5t;.,lLij1.:4zfi@,::·,:ti~4~~Q~:~
LPG Production o-xy1en5l, secondary 6.78e-12 3.96e-09

t.!§_Cl~~cgri4· . .EIIl.o.r.~p..e.". .,.'0.':',.. ..., ,.;'~..~,~9'w ",~";7,~::';;;'::':~;i~~~;Y~~c;QR.cl#Y· '"::,§.~3i~:i.~·:;S~,J4~Q2~
~Prl)ducti()n..J,1.-!'r~_aJl5l..... ,, __.'"' '~'''_''''''' s~~lDdary 6.05e-12 3.54e-09
'U~ ~ES!Jjc;, grl<i . "", J.'l!tqEl!!ltjl.~.!!~; •. ~~ ..• ~.;,.; , .." ,,,.,-,,,"-,;.:'~~~i~~~~~..¥Y«, ...;;~;;;;~ii·;~jg};t:2?~22.~;P.2~
U~clectric gri~ o-~yl~!le . modeYsecond~ 4.35e-12 2.54e-09

tJ§e.,~trie. gri<;l ,.A~!1.ap.llt1l.~lle .. : ."~.,",~ i_.. ".,;.~wQdllt;,~RB&~k§·,:L;',:j··· ··.·':~t~~~i¥.: ..':Z.?~i~ii1~f.~=:.~~~ ,".. ,... ~:~{~~~:~~.=ct.~:.~'::~.: ;.. ,,,, .c" •.,•._,".~".:,.~." .. _,.,"" •••",~••r~~~~~0d~KZ,:" ./J~~":~ii~,:;;xt~:~~~
1J~ clCl:trlc&!il!.. ...~.•~i:~.'.~~:_:,:~,.~,'.=ilian,"=_·;. '.~' "..~,_','<".= _. :~_" .. '..'~,-e.":C""" .•,,:'..,._ •.•,.• ,~,;, •...,.:,'. ..~,,,:~§s~.. :.:,:..-l'~':",~'''•.' ."'!' •.,,4}5,e~,I.~ ,",.},:~.;;~2JJ§"cl~.trt~gx:j!L .,,_._..' , , ._ ~ , '." _ ,__ _.. ".' . . ,.,,,. 't'ttJ, .. ' .• ,",:':;"il:~~:.!.£;..ij;~#.:92"
LPG Production Bromomethane secondary 3.68e-12 2.15e-09

y~~~i~itie.&r!~' '.""'." . ....':,..i;,~;~" ".,'~.':.. "," __._,_ ... __, ....,.;....:., .... ,., .~"...,." :~;j:.:~=::~~~~~~~~,. ·...:~:'::'~~1~li:.Lk~~Q9:
~~~c.!i~.'.,..!'l~p.!!Q1~e.l1.t:._._ ....... . . ",""",", """ ._.,.,~~.911.~,.• _, ... , 2.2ge-12 1.34e-09
.V~!1!.~!rl~&rt<i. __ .,.,... .•..~,4::Pj!!Jtm,tR!!1~.I!~".,~,_.,_:;.".~:~,:,',.~":",,.;,:;,,;~i,,~,J!l~1t~~g.M~ .,:::cE~E±.t:?JEk~;.'.'E!.Ii~Q2:
i,1J,~el~,~£.~d 'T' -c•• ''''-'' .~~e.~~~!l!-~1~11~... ,.. ...._.,,,,..,,,., ,_."._~~~11~~?-~:~ 1.72e-12 l.OOe-09
..1,J§.!1l~Jtigglj~. __ . ..A.P.\hr!!£e_lll;._~,., . ".,~,.,!. mqqc;!l§~£oM~;~. ....S'i"i.;4§;·iI<;'''~;§2~;~·9i:
.t!.~_c!~~C: ..8!i,~...... , .. _ ~:C:;1ll~!~~c~~pb~'l.()!':.~. __.',.._.~. modeYsecon~ary 1.32e-12 7.71e-lO

~J'~!1£!ig~ ..,... ....._.. ,..... ~ "~w:~.. ...~_:...... ..,~J;;;5iij~':' ;;' ..:. ..;;:;".:IIQ~:.i~·':;:L~liflQ:
LPG ~uction '''' '''''~ Benzylchloride '" . . .' '.' '. .. s,econdary 8.4ge-13 4.96e-IO
;US~"=~~';;:;d .. °B·~;~"[b·;i~fl~o~~tli;~~_"'''·"··- ::c': .•._': ;" ·~M~i1~tb~~~·~·-", ··'.&,'.',~.·>i.:6.<~;I~;;:',;A:.l!;;,';.I,Q'!
..........=t.!. " _ .. _ ,....... _ __ , '_ J,.~ _ ".._ _..: _,_ : _" ;", , ".,.. :.;,.";.,, ;",.~_"_".",,, ","N~J,: .. ,. _ ,~ '"

~P.roc!uctiOl!.. ,.,.M~.t,bl!!~~':~.':l'1'Ie.!!!~.I:...._"",_" " s~~!1.~aI)' ""iT, 8.05e-I3 4.70e-IO
US Icctrlc •d Ch~, n . .... .' "iliooeUsec6rt<i¥Y i&i-G;:"_:~;J,'J~~l~?~::,;,(~aQ:........!L ir.! ..,,' .. ,_ ,."",.,.J~J,s.~ ..e.._.. ,,, , ", c .•. .........,.";..~••, .. ,'".'..;."_..".."::,,.·~;=•. :'m,. " ..•,,.~_~". ",/.: ,." 't' ..

US electric grid Benzo[a]anthracene ...,........ .' .' '•.. modeYSecon~ 7.06e-13 4.13e-IO

:~~~~Pi- ."" ...._~,.,_:·.·.:'~~~iigL.;~~~::.=.~~,:~ ..:":,"<.,,, .. ;., .. ,... ,; ",'.'." """~i,:.-'.~~;L::i~;';~~::,,:;~.:r:·,'I:~;: ,:iiI9i~f.ii~2Ij'fit!Q,';
LPG Production ". Acetophenone. .... . . . ".. secondary 6.5ge-13 3.85e-IO
'iiiG~"'li' .. . ,.. ".. ---M~ili i-hi''':de' .._..~, -', ,.......-: .;~-;-"~~;.;y .,';:,.'.'....'. ':,.".'..,.:'..~.:;..,'.:~.·~~,:;i..··,3,'~.'.~. '.t,r.·,;,:,:.·."·:,3,;,~:.·7~.;.· ~"'.lri','....~.._ ......!1£,,'~_ "...... ,,,...... ".~ ..•....~..,, ~._c_y_,.£." ..Clp..__..... _,,.,_..;,.,,_..: c.,"" ••~.,' ' "u,;.. ;.'"", .,;;""."""""".1]=;1',.'/",,,; .. ... .' .. __, .. "' ... ,,,.. ..... _..11:

~¥1~~~~~ci·=·:~: ..::~.-~.·~:~~:~:_ :.~i~~~~;'~::~ ~~:~~"~':~"::.,=.::·;:::.;:,::, ·.~"~;2~."0',":,i;~~:!~.;. ,·,c·, ··,.·.;,!:.iJ:l1:;,t~;:·,,];~(~~lf14;i
~~uction .. ~E.!:a.~~_!!.y?r()(::Jl"b()Il.s sl:qp~.~..,,: 3A5e-13 2.02e·IO
V$c;!Cf~<:.&!i~ ,"" ..'. ,_. __ ~~~[g~1Jp.~!~I!!l" ... <:....;"., .i,;-,J9..~!t§.e29.~::~;;·'.··<.;;-.;:';~~d~~;i~'~:~;';:l;~'[~f(Q',

U~c~!I:iP.gri~. .. ._ !i.e.!!zp[iJ,Jpyrtlll
e

·w'.".,:,.. !!1~$VS~8!!,dary.. ,..,..•......•••..•. L ' c.••.. ",.,:.,.,.,.,t.:~. 39,·.'ee.:;,~.·11.,'3~,.·."., .•. ·,•.:,~.' <;'IL.;~6~~''''·'1! ·.nQO.)~
..1J';QJ~IIl,£.~_l1!! .. ,,, .. ,,. "."'", _ ~ ,,,<o,, ~,e,,n.!l.,, .. ,, : , , ,.. " ~.";",..•.,.~".",." ..,c."""";,,,,,;;.. :;.;: ;~;:.s,~q1!J!wy ' '.. ,~.'f _~ ". ,
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Table M-17. CRT LCIA Results for the Photochel)lical Smog Impact Category



1.00e+021.71e-Ol
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Total All Life-cycle Stages

APPENDIXM

:,i~f~iiril~;':~·,·. "''':''':~'~';;:(''r!:~;~~~i~w~:i~~¥~~~~iirThi~~(i[~~{~~t~;'F;':iit~~;~;:'~~!hi%11'jI0~£!~!i~~5rl~~*I~i
Natural Gas Prod. . Methane ' secondary -L76e-04 -L03e..QI
;;f-~~i"9Iflt#:fi~;':J'.;;::,·. ~:;:;··:;:.,::2}!,~!:!i;&®~$'Q,~,~,:i~*;~triM~,W;;~p~i~!¢4f.C',[E~,LIJ;r:5;riY;'~j~~i!~'!;~:;1tf'I;€;~::f!J~E5~:'~~<ft~;~
Natural Gas Prod, -2.64e-OI

:ft~~l.iJid~~f~iii~;·.·



M·S8

Table M-18. LCD LCIA Results for the Photochemical Smog Impact Category

APPENDIXM



APPENDIXM

M·59



APPENDIXM

M·60



M-61

secondary

APPENDIXM



APPENDIXM

Table M-18. LCD LCIA Results for the Photochemical Smog Impact Category
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Table M-18. LCD LCIA Results for the Photochemical Smog Impact Category

~.J~~;~.~ :;~~a:ene u'__.'.~u'._ ••·.~:.m .. _~....::~::.~~.:;~;r~~~0~_.~~~~L.L:.;jJM;it,.,:1~~~
Fuel Oil #4 Prod. o-xyJene secondary' , ' , ' 3.55e-IO ,,2.5Ie:07

Nllhlral Gas I'ro<l. Styr~lle,.",~.i'''''~~~'~£~~·· .".,.. j.::~L,:,~,~;~~;'iQ".;;.,i4~~m~
Puel Oil #6 Prod.¥ethyl.~thYLketon.e u...s~olld,ary ," • ',' ' ".' 3)9~-W<,,~,~.,g~07

LPG Production , 1,.4-l)!91!19~9"-eg?*-I!~..~~ .•...... ,..", ..... ,.,.,~'" .•.:.,_",",";,.Ji.~'£9.!l!L:U;Y ""'~':'''-'''~:''''':Ci"i}}21!::!.O...;.;..;.,.:~:l~9.1
Puel Oil #2 Prod. Toluene secondary """ •. ", ",' ',," ,2.97e-IO 2.10e-07
tJ~ el.~Wczrd yilly!a,c;etate ,',',; Ei!iofi~u~~c9*~.~.i:: ...,.,:'~1;i4,~:iQL::~~l;QX
LPG Production TetrachJoroethylene.s~condary., 2.:?Oe-lQ. .. ,~.~9?e-()7.

~~uction J?~YLG.11l9.r:!t;!~,. ,. '''A''~ .•••. .,,,.., ,. " .• ,,~.;;:§~£Q.lL<4!ry ·: •.·.;,:c,;;;,·~,~1~.c;d~L;,~.kQ1t~1;
J,.PO ?rodUCtiOD . P~I>ic.hIo.roethane secolldary '.' '," .,,2,70~-10 .. 1.91e-07
~!tl!!!1..G!!!,~-,--,._.. _.u., •..•__ •• Jl!l~Y~.£!!l9rl~L""m.-A .•._'-, C,.......",,, 'i."~,,,".:L:i~~~dri~ ._._.. ."·",",·~L~;:,~:69~~~ii2.~2i:
~ru:~iC!i~' .," ".'"''''.~::~~~~~~~_~=~e~:r~"., .. ,,~,~,'~:.,::.~:~, .·.·".• ~"~..,,£~.~,;.;:~.:t.;~,:i~:t'L:i·J.:·~:,:~!~~~}i:;C::;±~~
~~~~;~:::.,.... ·~..:~:~i~:~~~ ..·' , ~ '- "'.:.,., ,..:_ :" ".;;.,',,:~::~~::,; ,.::2:..~ ,~:L":·~;j:~iL:,1~1;~i;
F,t1.e~Oi1 #6Pro~L A.~r!llelJ.l.. . ..•... .....,.,....~.·~~.·.•<>.,;:.,(\QA.O ~.·,..•..........•.....••........ " ',..•.....•....•..~~~.~:li6,.· ...,..:;._+~~_'·~l~1.l,!~.P1~!!l~.grid ~ .. ..J,3iIl!l.£IlY-L _m_.. _ , ,~"..~;... . ..""..~.J -' ,-",_.. .. ~ .

r'1!~1.9!t~~ ~'" . _. ... Propionaldehyde secondary 2 24e-IO 1 5ge-07

_tj~!!.~Jq~ !'!QcJ., .....__ ... '_h .• _,....~~ri~l.....~:.·.:·,~.,....>,.;'" ..",.""~""__.c_.,.,"" _"""""J;~~S£Q~~!'Y~:;E;~:',:. 'C:,,:,,:.;'~~i~~:!.Q.· ..:~.;.i~i~91
J:u~~9!L~4 Prod. ' _ ~r<>'1I1<>''!1~tha11.~. __...._... secondary 2 20e-IO 155e-07

::Y'Q.~.u~!iq!1.· ......~·.·~ ..... =··.· _ _.~:M£t1ty1J.lllP9~I~J.lJL........."~.,,_:', :..~.. ~•.=..~~:~ ~',~~~'~~~ ..,.;w".'"..,.,:;>:."'~,:·.".;1~J2~![·~.:,Lt~id£

~;i:~~~~-"" .~:.~~~ :..·:..=.~ .. :1~~:::g~. ;....~_,...."'..~......", c_:..,;.:".,._._ ··i',,~~;i::i~:~_i;2..,:~;~~::.:;·L~;~:il~ ..:;:d~~~~
~~~i;~L. __ · ... := :·=.·~:·.-..~~~i~~~~4;=: __ ..::=~===:=.=:":.:.~"."c." __~'_'~.':::~~:'''',_..,,:, .:,"~~"EL::~:~t~L·:±4:;~
":;:;,,~c:;, _._,__,,_,"._._""_.~C;:;;i:~~ .~ c__ •.=:·::::==.=~._._ ..~,.._" ~.....;;~~4:;;~ L~.'~; .!.:..2/;;~_ ..1iiti~:..:d:~~~~
::~~~.~~=~~_ .._"..__.. ::=-=~~~~;-=~!:=e~~~e= ::_~ ..~-==~.:.~. ~ ~,I~d:~ .••~.".,:;.;;.2:L.:,.;,:.: .._t~~=t~:::,:dJi:~~
~~~~~~~ ..:=.:·.··::·=:: =.·..::·===:·i~~k:~~:;~_:;: :.·..:•.:.::.::=":.=.·.~.:~~-".~ ..~i~&t~~rd,ary;;.; ..,1:2L:.:.}±~~~~1~'~.J2t~ib~
:ii9~~s~~.: ___ __ ~..:.=..~~~:~; ..:: ._, ,_~,_<.~.~.=_'"~.~,.:"·:_:::,::~-==r~~::~r~ .. ···,.:::::;;- ::~:i:~l~ilt:.:jJ~~~ai
.~=:~:~ .._ _...=ti~iirlw:~:~~~ai~:· ,~_-=:~.: ~._.~/.. ~~,.:,'~~~~~~~~ary ,_.;.:~.:.c cid~~~~~li=J:.~i~~·,
,:..~::;;: ~.~_.,._,~._'"'_~ :..~ ~_.~:~:~~~~:~~.::.~_, .._"" _,,_ ,,__'--.; ~~ '-·~;~~~~:v~·.,:.:.:" " :.~ .;~:,: ~iJi~~:~::~:,;.;.::~~~;~
Fuel Oil #2 Prod. . '.' '. . Acrolein .... . . .. •. ..•.. .' .' ..... secondary. ' .. ' .. '. .1.26e~1 0 .,.. 8.90e-08
~il~s~t!j.£&ti.4'~~::= ...~~=_==_=_ ..=~~fi.;;;;~;~·.:,~~=.=- ..:~~.~.==.: :.~~~::~:~ ..~ ~::·.~.·· ..~·.·.:::2~~~;,;~ ..•...,~....,;";L~~_1;iJS~,iQ.~~::8'::15~~Q.8j
[~~~t;~~~..::=:~=~~=_=====~:·~~~~::~,~~·_·=~~~,·.·::.~._ ... ·.~:_·~:~::.== ...~~.=:,:E.".~,::2~~~~=·I: ..;~:LE· ....~,,;,:i:~~;l&.=:~jtii~~~~
Natural. GasProd. . Dichloromethane...... " ,<seccmdary ." .•... .1.11e-107.88e.08
:i~l?!i~A!~.~~Qri.~·.·..=:-=,.:..~:=:~~:i;.iQ[l!i~~~~=: .•:.==.•. .......=-.. :....._.._..N•••:::_-.~:::=:,~;;;~i1~.£Q,q~::.·.(:·~::~.:·..~:;..:i.Ii~2.::!::;i§:r;~g~
:~~t~~:~.=~ ·:.·_m....:.. =::~..= :.._~~~ri~::~~_·~: __ ".. ,:,~,_..~:;,~~~~!t; , ::.. ~;·.~;.:.,lt~i~hi~:,:· ..:H~llii
.~~:~~~:_:·= ..·~_·=::~.~=:=--= _·.f~~~~~~~.=· ,.•.:......·,-::·::.. ":· ...~.:L<.:,,:::...:~;.=J~:~.:.:.: ,,..,.::~,;,i~~;ij,:;j~_~Bjf~i
Natural Gas Prod. . .' Phenanthrene. .. _.~.H"..~ <pH: . '.. ...' secon9ary 8A5e-115.98e-08
~iis~~&'.=~=:~..=-~~:=.:::.:=-~=~-~y.i~_-==~~:::.:.~_", .._, ,."'__ .~_ ..".. ,..~:,.;.!~:~~(;;i~~~99~;·::·I} '~:."'.". ;i4)~:jJ. :::.i~;;9.~~
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Ethane
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secondary
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1.94e-09.. 1.37e-06

•.\\~~Q2~:'5'~~t;~~
l.S6e-09 1.1Oe-06
·.f~§~jrf9':;V;~:~~®·
1.22e-09 8.60e-07
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Table M-18. LCD LCIA Results for the Photochemical Smog Impact Category,

y~,elec~cgri~M~tI1y.L~!!!y.l~etone modellsec?ndary 1.17e-09 8.28e-07
o gq~,~£ti~ "l'(l~~~", , ;,,~s,~~Q~~L:;r;' '~{Q~~:9~1;i2~:9Y
Y§'~!~!r.ip,grid_"., ''"'. ''J:'.olu.e-!!.e.. .!l1:~~II~~c,,0!1dllIY, l.Ole-09 7.17e-07

J.c,Q..!'!!t@AlJ!1g" ',....." "J3.!hY.!~,z.(lI!e. ",PJiIl1arY. ' ~:Q2~-I,9, , ,'.~.3Jl~:91
!:r..Q rr.Q:lI,UE!i~__ ..,,_J3,'!tln.e.__~t:C911~ary ", 8.24e-1O 5.82e-07
'Y,$..~_~£&T:!~_,_,_,, __,_._ "A£~I,e..iI!_, IIlQ.!l~!!s,eC:2I!diuY, ,_, 8.16,t:"IQ,s'.T!e:Q7
J?Q?!~.\lc:.!iClI!, ,,' Hexane secondary1}9e.~W", ,5:~~~;:,QI

Y~~l~mc:_md_ . Ethylbel!~lle ,~q;iei!~~c~h~' "4.S,6.e-)O 3.Z2e:Q7
ll§eJ~lI!<: gri<l!3.~mollle.tI1!!:1ll: ,rn9c:1el!secondary 4.04e-l0 2.86e-07
Y§..~l~,!!i~Igrid x:ylene(Illi~e.4is0Il!t)~) " ma<le.!!se.c:ond<lry 1:i9~'I(f "" P6~:Q7
,11§ c:lcc,tric gril! :IIe,xan~",.._,~_ ..IIlode!!~(lC:,9!1<1~",,),:n~-,I.Q,:, _ 1.25e-07
IlY.S_c;~!ri.c:m_C!_ _, §tyl:e.ne, " ,.~. ",,,.,",~_c;,rn~e1!s~Qn<lary 'J:21.e.:19,' .'8J#,-98.
USc.lcct!ic gric:i, " NlI!'.ht1l;alen~ 1l!CX!.e.!!~(lC:Cl!l<l~ 9.85e-ll ,,6.:~?~-Q~~

;:Y~~W£gtt<;L_»~I!~lclI1.or!<Ie, 'Il!Qd$y~ec()ll,@i .' '9.:~4e~l1MQ5:~q~
Jl~~1~R$~, ~~ .. ,- _."M,eP:IY1J~,I1:~.Il,~I,~~~ ..",.~",."w", '"~ -.,.- c'''' ,,,..~~l?Y~_~P,!1j~,. 8,:"8.?~.::.l I," .M.~2~e~9..8,..
J,I~.s!~yi.Jl.itid,."" ",., >o,""_.,,.•__ J~!!c:Ic1.2r.._. . ., ." "" .~_~ __. .. . .·~rn04iVs~qlc1efury, ..}:?3c:A.r ," .~':47~~j).~
,U_S,c:I~tr!c.gri~, ,,,,,",._~~~()Pb.-~~~~.e... modellsecondary".7.:~?,~~n 5.13e-08
.1I!?.~!!l~gIjL,.,.. __ ._,,, ,.,.M.~~Y.1.~I!19.r:ic!~,.__.,..,.;:';~~if;~;;6~~· ., J,()7c:~1)£'Q~q{
,tJ~_,t:!~.tfi.C. gri~ ,. '.J:>}Ei:l!()fClI11~tJ:1e!!e. ....m()~.e1!~~()~dary 3.87e-ll 2.73e-08
U~ elec' 'd .. Gu!tte,I1,~",." ",,' , .".. ""' . "'. 2,',.,.5,6,'e,·",2.•,l.','.l,". ',., ;l,:..i,:~.·.I,',·~,~~,",'~,·'.:. __~._>o..!o!:i£.gt:L"," . , .... _ , __ ,. ,".:,D12,de.¥.s.C:~()Il~ry ,
g;I:>J~Ic1@lIicllg ....'Di-cJ:!l()foet,lty1c:ne. . .J?~.a.ry , . .2,18e-ll 1.54e-08

J&J:>JI1c:tn.c{!~911.",_ . ..' _" ':IBC;ll1.o.fCl:e.t,It~I.eI1C< __ ,"~!<£().n~ :{~Qc::iE"hi'2~:Q~
l.&J2,~~m~l1g_ 'Viny"I_~!JI.Cl!!~l?".,.pl'i~,. .' .1;38e:!.1 .. _ 9.78c::Q.9
JJ§,c;l~P:iggtic! .... __ . .l'Pcr!1Jll1tlu:e.n.e..Jll2,d.eV~C:C:Qll~ry."i~~~:li· .'~I$§c:~l!9
_t.rG ~L!<:~_()Il:, .. .,._.,., _, •. ~Oph.2~Cl~'?_".,,_ ..•~~,." _"..,~~2~~!!!l'."."",,_,. ..... 1.16e-l1 8.22e-Q,2,
!&D la!lt!f!lliI!g,Pl~~.Cl!ll.I11c:~e . . ,,,, .. , , ., __ . P~~.. ",':(Ii.~~lr:~:,·:J..~?~:Q2
US.c:lectri<:,gril1.,,'V!,ny!.a<:etatl: __,._~~e!!secCll1d"ary.; },'08~~,II .. .7.,~c:.:Q.~.

@ll1c:!n~tj.QIl" .". . _. ".. Vllly.!£i:!l9filll: _ "_,_.",,.. .,",.._" , ~.c:c.2A!!!1b' .. ":,, .. ~.,' 1-.Q7e.~11.·_J,,?~£tQ9~

LPG Production T9!u'<?"l!c,..... , __ , .. ," ".,.__ ._...~",,,: ':'''c~~"9.9.!!~~ .. .."..,~::~f;!3. .."..,,?·8~:22.
!!,5j:!~mc:,gI;ic:l ..Il!phe.I1YI',,' ....:....~Q<!il{~e.<:,ClI14;iry.. ,8.,7,2e.:g~; ,_~AU~:Q~
U.S electric grid C!t12rof'?I'Il!~~e.!!sec:(),n~ 7.87e-12 5.56e-09
LqP.,I!I!@lIing 1.,?..~P!cp!Qf.9.l?,~e.. . ...... ".,. ..Pf.i.~aty .. ' .' ":';'~;?iC;7!i'_..~~.i9;~Q~
LCD 1Jlndfilling Carb21l, ~etracb.-l0rid~ IJrimary 6 92e-12 4 90e-09
LCD '·~dfiIU " ,.. ,,,,C,.I,l1,9ro.. ,ii.orm.. ,", ,', ",., ,' ..'" __",, "',',',',','._,..···.,,~,,·,'".,,.,~-,..•,·_,_·p",n'_:'.n,.,;,',''rv,',,' .. ,"--"'-' .--' "':·6":9:·'2·q·'·I'"~i" ;"'''4''~;;O-~:''O'<'''"'9''

,,,,,,,.-,,,!,!,:,,,,,,ng .,"". '" , _ ,__ c.=J ,'."'", , __:""""l:7,,,,~·,,,,>,,,, .. ,_'3.~.e:, __,,/

IJ:D 1Jlndfilling T(ll!!!C:~.~~tI!Y!e..ne. .. , __ .. _,,',""" ... ~I:i~ .. . """,,~,.9~c:;1~ ' ... 1;2,~f<~2,J~
Jd'Ci:l199w;tiOll Met,aIc:le.!J-yde... _ ,.. _, " ",, __ .. ..,__ ~e,gp.l1c:1ary. .. ", .§~,§~~1.~C':4.,?:t@~,22:
LPG Ptoducti()11 p£opiQ!!aldc:!tyde. ., _ ..e' ~~on~"" ..:: ",:-:,.,.,,,,_.~:Q1~~!~_ ",,:,,~E;;"~,:"

tIS .!=lec.gi,c grid ~!:ra.c:ht9~tJ:1~!e.n.e.. " ....,,,.;.,,lIloge.I!~,c:<:oil.c:Iary ... ;i·ne".12 '1,9?,c.:'Q~.

US electrie grid ,.,Et.hYICwoti-de'--""',"'"',..ms",e.:<;X1c'.-_"o,"el1,~,",,s,~,e~,:,.C:,__,?.',I1~"--,";.,, ,?:§9.e.:!,~ ..~,,",~,2~e:~:
t.GD i~ciocration_C:::~bQI1Je.trac:i:IlClride , ~.l. . 5.37e~t2.. ~·~Pl:"Q2:

US electric l¢d 1.2~Dichlofoethan~ .I!10deYs,e.c,~I?:I1~,.~.?:~~,e:~~'''':''~~;'~~

LPG Prod\lction MetllyJePty.!k,l:toll~." "",,".,,s_~Cln,<I¥Y.. .,4~~§,e.~g }~44t;'Q?;

US electric grid .f1~ofelle. . ... ._" ..,.,~~II~~:<.?I1~ 1:S,~~#.,', J~~g~
US electricl¢d ]ll!~thene, ,.rrJ,~.¥.~~9nqary; ..... _.3,:6fe:lg ·~;?~e::92

LPG Productillll Acrolein~,~s~~a,ry:~,:~~~~.~ },:~2,~;;~~.

LPG froduction Q::xy!~ne ..,S!=9.'?I1s\ary.,.~.09,.e~g,~;!9,!<:Q.~.
US electric grid o-xylene .... , , 'T' n.__.. __ '."........... ID~elf.~~Q!!.<I~, " .... 3,.·.Q.?~J.~L._,_, 2.17e-02.
l,IS electric!¢d }"cenaphtheI\~,. ..". ,, __: __I11<&e.IISC:<:,ClI1,c!;ag,:,3·06e:1.t ._t.:~~e.~02;
US electric grid Ethy!elledib~IIlide.:." .. ,~~tlIlS~C<;>,I1~ .. 3.03e-12 2.14e-09
US electric. grid Clllorobf:D,zcntl .. _~QQe~~ep<?gdllry._,..~ ...~ ·'''·~:?·;3";:l:C'·;~~&ie.-:Q~;
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Table M-18•. LCD LCIA Results .for the PhotochemicalSmog Impact Category

Chrysene . .s~c~n~.. ....3;?9(:-.I? ... 2,.?"'4.~~g
Indeno(I,2,3-qd)pYre!1.t: ..". ~..;;~!;.S9P.~rY" ..·. '. ·.~.Z~~d? .. :::JAt,\;.~:{~
Benzo[bj,k]fluoranthene . sec;ond~ . 2.2Ie-I5 1.56e-I2

J3enzo[a]pyreneJe£9#SJ:\rr' ·~:q5_~,Jf .... f~i~:ll
Benzo[g,h.i]perylene sec;9~dllIY . 1.66e-I5 1.18e-I2

S~Met1lY~cluys,t:n.e .~]:£Q~~.' .. '.·:4~fT;;.I§.~;.; ~;:!~~,"l2.,

~:~~~~~:~::::~:~::::~:::...~.:~:j~~;~:. ·',cc' : i:;:-L::~~}I:i~: ;)H~~=.ll·
Polycyclic ar()matic hyo/()clIfbons sec().Jl.<ll.u"Y -4.52e-I5 -3.20e-12

S-Methyl <:hrysene. . :.:."".~~c9!i~···'.;.:~~~~4~~~.ir..·,~4)~~~~li{;
PolycyclicarolIlatic hydrocarbons sC:C,Cl.Ill:1afy -7.Ige·I4 -S.08e-ii

S.~Melhyicluyse!1C:·. .:"'~'Vo~~£g!l~.•.:,.,•. N' •• ,,;,:i~§~~ii,·::.Xs~~~iQ:
ArOinatic:hYd!01:arbonssc:c:()~~~ -2.67e-I3 -1.8ge-IO
Benzo[b . k]fluoranthene '. '. seciiA.~/ '. ..... ' ....•.......•........;.$ 2.~7.·e.·.-.•.·•.i.3.·.;.·.· ·.·•..·.·.·.·.~.·.2.·,·•..:..{7...:.e.·.,":1.:.·.0.":'" J" .. " , "..R.~J'; _ ;; . ~.. " .
2-ChIoroacetoPllenone . .. .sec;.()Jl':!lIf.Y... -5.65e-I3 -3.9ge-l0

Benz()[:i]pyren.e.:.,§~~Q~&~, .~' .. ' ... ,~,., ':c:P~7;~i.~~H .,;·:'~:'5~~1~~,~i~:
13enzo[g,h,i]perylc:ne .~ec?n~ -8.04e-I3 -5.6ge-l0

. M:Qll),i~()toJ~e,Ile._. _. "_.;,,,;rs~cbnglID' ; .i~;n)~;ii,;.,,~.79,~~lR;
. ._. J3.~Jg,h.i]p'eryle.lle. .•.. ~e.c;.l:l!1<:lllEY.. . -8.74e·I3 -6.I8e-IO

l!~~[1I]p.~1!e."'.sec()~c!J!ry.. . ..., .,.:....;:~:;.:iT8~~Ii,· ·~~j7~~lQ:
Indeno(1 !2.~:c.cI)p'yre:Jle secondary -I.24e-I2 -8.78e-l0

J:lenZ()[~j,~lfl~c?@Il.~EC:..............._... " _:~~~Q~~ ;·>·£:{f,~~~~i?/;;,..~:g[~;~Q
_<::hry

s
e.ll

e
. _................-.c:.;, .. ' ~e~~n..~~:>.. ;:,.·.·.·.;·..~.•.';I~;.....\4.~.6Ic;;,.~.·.·I!...:2~.""".'.';':.....:._.-....99;.··.'.·.·.~~.·.,·.!.",~ '1·.1.•."00.,..•;

.....!3..t;)!~[:il~tQ!?.c::e.lle..__ ...._ : ~ ,~ ~.e;c.9J!~. .. '. _::0' ;Ill ..

___!i.!qe.Jlq(1._?,~:£4)p~e.lle ,._ ;_ _ ..:- _. ..s_e£C?:n.~ary; ....:,... -I.5Ie-I2 -I.07e-09

... J l.t!.::rE.c.w.o.m~.!l!ll.!1~; _._. _.k ,...... ...,.",_._~S9.Q.gSry. . , ; .. dAi~:l~E:'~·}!~i~:Q'2~
Acen.!1p'hthylene. ..se.~~n..~~:";".. -1.76e-I2 -I.25e-09

, ........ __ Q!!12r.Q1l.!:!!.~.I!e...... _,..... ".•..""•.~.. , ..•..... ".,.... ." ...,~~9S4MY ;:..:.:. :: ';"y':.·j.~:~I~6~!~;>.;l;i5.~;n2.'
._I3..tI1yl.t:.!l~..':!ibrom.!.c!e. .. , ........_._______ .. _ ......!'~.cI!!l1. "C' . -I.83e-I2 -I.30e-09

.J3C:I!~()[ll]l!!!!JlEIce.I1~.. . ....... _.. s~.()!14MY .,;;·,~~:·;;i;9'~;;lf j{~4:Q!;:9i
qrysene ..,;Se.;,~~~~,; -I.9ge-I2 -I.4Ie-09

. ~~~e.lle... . .. _;:..~e.~Qtl9¥Y '. ..:, :; ..;~~Qi~.A~.~;:t4i~:Q.i.
2-CI;ll..o.!oa£e.top!!c:n.on.c: _;.. :__ _:.S~~~., '" -2,34e-12 .L65e-C!9

._ .....1,2.:Pic!l!()f.()I,:t!t.a,ge., ..._.... .,s.e.9Qll~gary ...•;.2L~I~~i-1.2,,:~·· ;i~ii-~~Q?~
..... ... __ .Asc:!!~!!!h~!!.c:.._ ,_... ".. . ....~.e,E.~'!~. -3.34e-I2 -2.36e-09

__ .. ,2.,+mlJ!Q:Q.tQIIJe.n.c: ,.,.. . "" s~cQ~4rr.Y.......; ·•..:·,:,·"'· .. '..·;3:~~~!~ ~:i:5~~':Qi
....~!hyl<;I!!~c1e......... . .. __ __ ......!',econd~ ~.."' ". -3.3ge-I2 -2.40e-09

... ._ __ •..:re.tf!chIoroe!hyIe,Ile.. . ,. ...,se,c9~dary_ .'~:-T4r~;i~;: ::2.:1~~~9.?;·
...I\n..thra,<:ene -D••- ......f~,e..!~,,~; ......, -3.55e-I2 -2.SIe-09

A hth 1 . . • .• ecoiieJ#y' '. ...................•. ·~·.:;.:.r.,.i.3.~-i?:.:··:;.;.;~:~4~.·:;Q9.' .•..,<:~n.i1P Y.e.l1e... . ;s.. .. .. ...
Auoranthene . . secondary -3.87e-I2 -2.74e-09

.."'.iY.!;~;:..;:~;.;;.;=: .._...._- . ".... ~ .. .....:;~,~~~:;:.:::~.: .. ~:'~·;·::::rI3;§~~.:i~:~:·;If~;;Q~.

.. J\!()!Jl:ltichY':!r.C?C<gb,l:lI1~. . .... ,S~Cl!!~:I!Y•..."C,. -4.07e-I2 -2.88e-09
2 M th In hth I . s con!!ID' ··':4:'30'e;!7.·:·.>~3.:0.·:C..4..~,..;P.V<...9·..; !:.. y i1P '! ell.e.. ;., , ~._ ' . .. ..
Auorene. secondary -4.34e-I2 -3.07e-09

-chi-£;-' '.' ··s~~~~" , ..·"·,.:'..\.4.·.:.7.•··..~.e.~i.2.·•. •·. :j.:.·.3..:7.·.·~.' O.:9.;.·.·_ , ..__ .Q~O..C?I1!!.__ .. . ,." , ~ ',,;;.: .
, ..~lp.I!.e.I1YL. -4.97e-I2 -3.5Ie-09

D' hI b e (mixed' om ') ...•.: ,.;;. ~.. §c:£.0Jl~¥,..;._ ;;,.... ;.·•.·..E1;!?1 ~.~.I2.·'.,· ..··2:..J,J~~~Q?'..!C,.<lr.().. l:~IL }s .•.e.g; ;.... ......_.. .... .. .

. '!Y.!.e.I1.!: -.,.,,- ..,...... "" -; :.:.· r.. - ~..~.=.c.'.:J~.".'~.'~.''.:'~"':; ..,.: ~.-.':'..:'.'.'.- '~.'. '" ~~.·.·:i1~~f~ .=;~~~~..~~~i'
.YiIlY1..lJ,<:~.tl~ .._... ,

LPG Production

LPG Production

LPG Production

LPG Production

LPG Production

LPG Production

LPG Production

Nal.ural Gas .Prod.
LCD incineration

NalunJ Gas Prod.

Pucl Oil #4 Prod.

Pucl Oil #4 Prod,

Natura! Gas Prod.

Na~!lf!I(Jas Pr~.

Natuml Gas Prod.

l.'I~Il1!8-1 Qtls Prod.
Nalural Gas Prod.

NaIJl,f!!qa~ Pr<J9.·
Puel Oil#4 Prod.
Pucl Oil ##4 Prod.

Natural Gas Prod.

Puc.19il #/4~,
Natural Gas Prod,
l:'l'~~1!~19llS 1'r,g<I. .
Pucl Oil #4 Prod.

.N.at~IQ~ P.r9<;J" .....
Natural Gas Prod.

i~~~~19..as !'!.()(\.
Natl1rlll.GliS Prod.
:~.t:1.()!1 it1:1't,Qd•.
~cI..9.~1 #4.!Jod,.
.N'!!~!J!ll!.Q~~,
Pucl.9il#4Pre>d,

:1ia!!!f!.!!Q~sJ1od,
NatllI!ll GlIS Prod.

~t:.t QilM.Pi"od-,
N'.at~ Gas Prod.

t!!!lU!a.1QllS~: .
Puc! Qi1.!14 I'n>;d.
if!:\~.Q!tM~-, .. ,.
N,a.tlJ!!l.1 G_llS..I'rCl5!., ..
·.F.!1!l.f!!.9~.~, .
J"cJ? inc.incration

.1,.QpJ!!<:i.ll!l!!'~.o.ll .
!'I..a!l1ll1! G8.s Proc:t .
1i~~.9.!1J._~, ...
NalUrll1 Gas Prod.,'L_...~_ ........ r.'_'-"_.,_._·,.,.. ,~._.

~<l!1£i.!1Ea_t!Q.Il.
Pucl Oil #4 Prod.
·-"'il"!i-~-"" ....-..-"~-" .._._.. """ ---~ ."~_._~_..

N~~lG..as.PiOO·
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Table M-18. LCD LCIA Results for the Photochemical Smog ImJlact Category
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Table M-19. CRT LCIA Results for the Acidificatiol1 1mpact Category
Process Group

APPENDIXM

Materials Processing Life-cycle Stag~

Invar ~1!1fIJr@q¥fl~_,. __

~:u::,= ..rolled, semi-finished. .~::~:~:~~~.':":":~;~~~';.'"'"~';.~..~' .".,:~.",),,:t~r~~'~';~"dj~;~'b
Polycarbonate Production . Nitrogen dioxide secondary,.,~:~~!;.:Q2..•,.,},?-?~~QL

Polycarbonate,!'ro<\uction, .SuIfur·4j()xicie ....s~c()lldll1)'. A,~Q~Q2_;, .2t~9~:9r

Steel Prod.• cold-rolled, semi-finisl1ed Nitr()gen '!io.x,i~~ . .~~_<:>'Il.~, __~~ __ . 9.36e-03 1.78e-Ol

l,ea~ Sulfur:diox.id.e .. sec:olld~ry . . /:·,~c::':'I?~~~.'~:~:''-':J::'pfQr

Styrene.butaliic:ne Copolymer P,rod. . ~.u1ftlr5)xi~es '0 ",.~,.,.'"•••,.,. ""~~~~~~"'P",." :~ 5.71e-03 l.0ge-Ol
~1~.n,um)~rQll: ..)'1i~lig(:~.cl!OXip~ __ , " .se.c~~a.rY-:" c.,.c.,.."·7:'~.;::'}:4~1J3~·c··:·::m~~~
Styrene-butadiene Cop9lymer Prod. .Ni~ge.n ~i.des ...".,~~~ll;cJery,.. 4.8ge-03 9.32e-02
A~S Production. ..:5~\ft1!:.gi()~cl~..._,. 'S~OJ!clarY '""·,··..·'''')'~ ..,,:·.';;''·~_·:;,~:: ..'7''':fl~~g~:':::X;§~?~~~~

::temfS· .' ....~~.~~~~~£~~~~~=;T,.'-' ..~~-::.=;;~;:~.$'::.~.~"~, 'C~~,~~C'::7±~~:fi:L~':'i'r}i;~
~t:a~,~~~:.~.~.: ," "·········..·::=·:·~i~:~:.~:~:::···":~.·.·:··:.·:···'.· ..~;~~~~~,.,..~~~":T.,' ': ..,.~":~'.~: ..:,c~:~~~~~k·:;; ~:;~~;~r
=~~~.~~.~,.~~-iI!!~aC!. ·· .._·····_···~~~:~::;~:·::·;.··· .. ··.:.:;".:~~~i~~:~~7~· , =~:":!7:·::k~i~:::,~~ii~i
~:~~.~1:~~:~:;:~~!!~~c:.cl.... ....,..:~~:.r:?~~,. :: ,-.c~:'.,,·:~·~;~~~i~·~··~:?':: ..X~("·c~7:··;·~!"'C;~ j~i~:?I::2mi
ABSPrl)liui:tion _- - .."'~,g~~~~I~ti£ ..~c:!e.7P•., ~n .,_ se~~l:!~ , ..,.,,_.."., ~ W" , ,.·~-~"""<"r,- •.~~~;!?1·, ~~~~'i!
:§.~Ll\cx:l~~C;!:l~:~QU.¢..sc:...Illi:::fu\i.s~C(i J'U.!!'2I;ls.Qxi,cie _. . se.c9!1d~· ". ..•. ~.~~' .. l.91e.~.;t

·~~~~c~o~;~.~~I~~. s~=~~n=~~~:: ~::.::,.:: ~:.~~~~~~~~;~~~:~ ..:::=.~:~~~.: ..~'7:?r2:'~"".;~::j~:,.,.: ..,,,j:~~~~~:::r:f,.,~;~~

~~~~~_~~',.. . ::==:=.::::::·,·=.~::::::iji~~fu~~~~~~==~·:~.:t:·:':=~~~~~:~,=:=..·~'~::,:::·'t;:'~,;,_,1i~1:,~2i~~~~!
~ur~.:=~~~~·::~=:·::.:~~::::~=:~.~=~ ~.~_~_.::::~:~:;~~.;nJ.~~-:':~-.c·'·"·"~it~~;~~"~~ ..""P";~;;,·-!"-~~""'~,.,·:~~~~i::·:!!i~fi
~~J~,!'!!fg... ..., .._-- . __ ... ~-_.J!>,~~!,l]().!is.~~.!!l-~, ..... _..,~.- ..,~ ~ecl?e'~~'_,,_".m -,. ""..",., "..'".." ," nJ;i.;,~~~,-~-;,,~~~,
~!!.!J:l!!tll.~.~t _..... .._.. ,._~ _ _l'litr~I!~.~,!l~_ ;. c .• _.....i_~.ecOJ1cillry ,,:..;;: ;!!:~7~~S.' .. J,~~:9,3.

:'~~~~:~~~=~~:~~~::.:~=~ ~~-=:~= ::=~-.::~fJ.~~~~;£-.:.: ..-.'.m:".'=~~~~~~:~:"':. ~'~':?:::'~~·.:·,:;;'~;-,,\":"':;~~~~~.*~;:,;~ .• ·:~i~~~~.
"~i: :::' :i~:~ii:-'-~::t~~:~~-;~··,·_·· ·_~~~;~!!~~i~~!-"CFry, 7""",,·~?~j;~:"~r!;1·~'·7·t·~';oT'?T '~':'.;':;:~~~~~~~j?~ii%~1i
...__ __ t _, '._ .._.......• , ._._ _ _y__ g j _.... ,..lI1)' , ,......... 'J' , ,., , .. J • ..•" , ~'

.iji-ri.~~;iiOl\:·-=··: ·~.·:·':::::=:::..::=:=_...._.. ::::~:~~-;::~~::.::'7~~=:: ..Tr.-~~~~~~ ..~~,~~~-:~~~'.l·')~:'~.I:~:~~~~;~}i;i
tla~~.~~~:=:~:_~ ...~~~= ......_~.~~.=~~~~==~·"~.~:~~n~~ci~:, ..=·==:·:·=~·:~= ..~~::~~;'~~~""+·'·:· ~':~::".,,;;";~~t':~,~d'~*~~~~~~2;:':~1*~i
Invu Hydrogen sulfide . secondary'.. .1.37e-05 . .. 2.60e·04

..~~~b.~~.t:;;~9~w~M==·===~==i!;~~~.ii ..~i~1:~::'~:=:_ ...:~"=~~~ri~;;y:,~ryc:~~·"::"~;~:\~·5:';'~=';~··!~"·~tk~3.J~~~':::;~'~Q~Qt .
;:~~.Eii_~~-~.:·.~.-=--~=:~=··~=.~=~..::~-=~==~=~~;I~'~ ~.i~..:':~,,~~:·..:..~=:;;~~~,·;:~~~:;:~.ZJ'?:·'7~·.~'~'7?~~::~;~1~~~~ ..·;rli~;·
,~~~::~~=='=·~~_·==::=:=:~=··:.=~~·=:.~.=".~~=.~r: ::~1:f~,~~·::·~~"';''':·~~~·,·2";~~i~!~:~''!::=2·:~":!~1!'' ':t~?"r,:2'1~]~~:~~:~~i·
.~:==~=~~~=:~"~~.~.~~.~-=.~=:~==~=.~.=~~~~~~:~~~~~~~~:~ :'·:'=~~7::'.,_~:~5~~:=~~r:·~!:·,·;'~·~r:~Yz,i~ii~ ~~~~~:~··t,d~~~
f:~~~a~~=~~~:~ ~.~=.~~=~~== :=.:.•.~=:~{if:~~:i~j~~f=~~'.:== ..='""~~~i~,,.::,!.':~;~7"'~}1''::r~':'r.f::·,.;;;:~:.~~~:;~:·;dii:
:=~~~~~~~~=<I~t·_·~:··~···~,~~='~~== ..~t~~~;~J~~~c.:.·:;,··':':.':~"'·:::;~~-if-:":~~ ..":.'T~C:~c;c~~"~e:":.'''~''~~:~~~~~I/,~~Y:~~~
Ferrite mfg. Ammonia secondary 2:20e-06 4.1ge-05
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Table M-19. CRT LCIA Results for the Acidification Impact Category
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Table M-19. CRT LCIA Results for the. Acidification Impact Category
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Total All Life-cycle Stages
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S.2Se+OO 'l.OOe+02
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Process Group
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, US electric grid . Nitrogen oxides

:mirg~;~*Jgr·:?'~-"~~~~~:~·.~::'··~?~~~~~\::~·:~:~~,~::~~ij~9~~:~~~~~~i?:~r!.~
Monitor/module

j.~;~~~iji~~~J::Gii4·
LPG Production

·~'f{~~G"a~)>f0.4:':!):~::
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primary
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4.40e-06

~T3;6~;Q~
3.46e-06

.' V:~~~j':;r~~w/
2.35e-06



2.03e-06 6.87e-05
,,;;::;r-':'?;?f:~~;qK;t2;;f;i~~j~

1.72e-06 5.83e-05
::~;J,~~~;o~ .. ~' ';:n:~~\ti!

l.04e-06 3.50e-05
• :/";~";,::';'~;j~'ifi:;:"~Q:$1~tQ1'

8.28e-07 2.80e-05

'''::)2,~>r~3;~irt,: '·"'jt:~~~,~Qs.:'
5.63e-07 l.90e-05

:~i'~;fl~~~§1,'L':;1~;':_j';4:@~~

2.35e-07 7.95e-06
.·-<·.")t2?¢:q9rT"~r§:i~~~'
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Table M·20. LCD LelA Results for the Acidification Impact Category
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Natural Gas Prod. . . Ammonia secon<1ary . -9.75e-05 -3.2ge-03

~mit~~i~~~';;;~;;~'~r;!~~'!:;:r;"Y:2:j;t';t~t;:;;:f~1i~?:~£i~si."i;;;tt~;;iA?~~~;~iiitj5:[~'«:~I';~'tr!~·tJ;r~{§(I;' ;}:~!U~;~~i~i~:i;'~_f

ii~il~:1:~·2:;ili8:T;0t~t?;I~;'!i~~;~i~~~W~1:E\f;fE~tf·:f;;1't";:s:iii~;.{;;(t~lP0f~J}~;J:*j;D·t~A~00:~I~~i~;;;;i,~:~Ei

&iii.~i~;{~;::~:~!;:r27~7';:i,:~~S;~:E&~~iff~~~t;fTi:i'~;~~i~&:~.fmI~"~~!1:~~ifli~~&:~;i;::~i
~i:f~i:~~8~t~lil~\:,'!~~'t~i':rE;~;~::Tf;fB}~nE~g~f~0'~);n;~~:0~~~1:~ZJ~?I!f~&i[13f;" -1.75e-02_

Total All Life-cycle Stages 2.96e+OO l.OOe+02
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8.90e-03 2.96e+OO
• 7 0 . ".' ""L7:::;§;Ml~QIj.':,:J,,;~~;!~~±lli(

2.76e-03 9.lSe-OI

.iii~~;.Qi.\'.,:;',".;~~lii~QI
1.27e-03 4.22e-OI

~:?i~~Qt.'·; .,,~;~p.i;:Qt
8.4Ie-04 2.7ge-OI

';···':.~5:~1{~Q4'I?:::1!IQl~Q'L

. '''''-''',,,,,,,,. ". '" ., ,,-,,'.. ,)::~~:,~~~,:~~~~}(
,.' , - " '.' '. '-:', -, -: '. ,}. ,: : ..~ • ~ :", ': c.·-: ;

'. "" .""', . ~~._.~ ;.'; ",..;~-,,~,:< .::·x\ ...>'!.,:",: ~~. ,~{_,: ;~~,~;~ ;'"~;, ~';:;':'~'.'~",:':;";,~::::.4

..,,-,_, ... '.. ;§~£9!!QJ!l)',," ", .,,~';.o••,.:, __ :::' ~.;".~.Jf.:!!~!;,·1~;.,,,,..,,", ~,~i~ro!.L

'" "'7~~9,o,I!.c1ary"".
,'.§~.!iPl\gary, '
~e~()lldary

s't:coll<!~

sefondary, '.

seC'oIl<!\UY ...
,se~~"ll.~ary. ,

,-- ~. ~~·9~,4~<,c~J.,,_.;,

PM

PM

PM·

PM

; l'Iyf .
PM

PM

PM

PM
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Materials Processing Life-cycle Stage
Steel Prod., cold-rolled, semi-finished

Aluminum Prod.
Potycarbonate Producti on

Invar

Feultemfg.

ABS Production

Styrene-butadiene Copolymer Prod.

Lead
Polystyrcne Prod~, hig~·impact

Total Materials Processing.
Manufacturing,Life-cycle S~ge.

LPG Production PM .~7~?!!:~a.ry.... I.2ge-OI 4.28e+OI

lapancscElectric G.r!d .I'Md9.. ,0 .,0' ,.,__ .~ ..J~g<i!:~s~jllilry.. ',. . .'. ,··:'~2.;i)j)~-Qi":~'.;"::.i~4~.~L
Pucl Oil #6 Prod. PM ~.e.e()ncl!!IX. 9.24e-04 3.07e-OI

.l}~J:!~!I!c.~d, .PM~10, < ,,_,:,.,.,.¢~£y!,e2QtL~: ,_ ;~!:,~:~~:q4,L;..;d,Q~~;fu:.
Natural Gas Prod, PM secondary 4. I4e-04 l.38e-OI

Fu"IQil#t2 Pro<l. '.''' . . _,.,~M._."". . .•._':.. :<~:~~2{i~,=., ..,..,.:~:,L~" '·':;,.,~;R]~i94.:::;:,:];31~:~hl:
LPG Production PM-I 0 secondary 2.2Se-04 7.47e-02

.Q~.s![rlt ' .. ' .. ' __ ,.'. ',:.~',:.:~~i· ,._ ,, :··~ri~·,·:,··;···;··t' ···~.·:I:~;;~f:.:.:':;;···~§l~&~::

~,..•~,: 6"..':.:..#iI6.',4,'..=..", :, .,'.,_ -gM ·, ..,·,..; ·c·, ..,;,· .._.--, 3c~()~~.·,··,- ,· ..,·.;·..·.·.:',~,2,-..:,~,··.i:.··,·,'~.'~~.. ',:.:.; ;'·':""·"'.::,·.:.,.:.'T,f.:~,,~,:~.;.~,',,~:;.,.' . __ ,l'.~-l0". __.. ,,~,;.s!\9,()~d.ary: " .". .", _

~"I Oil #2Prod....,. "" ..., ,.' 0" .••• , •••.PP.MM·.--.I.Q .., ...,'.....:; ,'.'.....•..',_".'''...,·,..c.•..·.',...·..,''..-...-.. -,''.'.",,:".,··:".•-...~,~n·~..·mary·o"!!...,d.,,~.,,.'''. coo,.•."""""" .,'''..... , "r",Z.:1,~~QZ"".: .",.,,~:,.~l~.~,g~,
(j~s/frit .... " __ . . ..,.. __ .-:.:~;§Z¢".07:,>:.::~:.fJ~,M
PuclQU #41'ro<l; .. J?M-IO .... ., secondlU)' 8.70e-08 2.8ge-OS
N,.a,l,ura.,".1.9.,.a.. $. Prod.,.,.....' .••."'.' .',.. ',' --"' ~-~",--.... -- ',"."....."""."" '--7' ••~ •.. ' .• , ..---'~ " ••"~,.., .. ,... "." " ••.•,.,••.•'•.•.• :. 4_·.', •• 9.·"·'.4...'~.•·,~O.;r:,;..',C.i.-.,.;{)4:e.'.~.[8,.". __ . "._.'_.._ , ,_.,.. ,..~J~M:!Q.. "'"', .." ,, ;......:.. ,i!:£i>:1!9MY~'" .. , ..
To~,Mll~!J"f~<:~rtng __ , ,',., ".. ,_.' __ :_'" " ,~,.,, ,.._ '"'''' ', __..' ''' ': ~,.:.. 1.34e-Ol 4.45e+Ol
U

l\laln dR' L'ti IS'"_'_0'"'0,." ..,.",0 " •••••M» , :;,'::':~~~..:~.•,.:',':,~,;~:':>t':·_:"·7-·t::ii~~;:,r;;~'~~:~~;-:

..-.,,~~.~l._ ..-~~J~~~.g,~~~~_.-~_,_~p~~·:_.~ !~~~~~y~"~,,,, __~g~-, .. -,. ~.,_~_._,. .~ "...~" _~_._~,~." __ ¥._,_,'., _ ",~, ." .,,~::>~::~·_·::i/~~~.~;~~--~::.:

U~~~.trl~ grid. , _,,_,. '_'_'._". ,,",,_.."...., ,J?M..:1..9 ";'." ,:... ''''.'ID".~~L's.ec~~~ , . ., S.78e-02 1.92e+01

,rQ~llJ~~, .M~t~!H!!l,~~JmfJ.J~_«;!p~!r. __"",."" __ ,,...,...•. ....~~;:.:=_:~:·~.~i~;Qi':j;t,tl1~~1.:
~~~:9H.ifeJ:.lfe~cy~e.§.~g~ ..
.~B:rJ!~g~lJtl!g__ ~ .. c ".~ ••~ ._••• __ ...... • ". "._ •• ",' ••'.-.p ,,~:J~~~,._,.-,
U~ cleetric:grid._.!!l2,!;l.~I!~e.9.<:.I,l~a.rY., S.78e-06 1.92e-03
I.J'<;i .!'J:odu.ction .:... ,.....j~,c.Qndlllj;··· .'" •... ':·:·;5.j:~fi'~:Qr:·' "~::}i:m~~M:'

LPG ~u~til?n... . __.. ,_." .. ,..".._..,_.."__ __ .J~M-l.9_" ..,_ ,.._...~~~~~..".. , .. ,,.c'_..... ' ..'" .~.9~,e.q9,.. ., ~~!l-q7 .
•l':l!L~.Q~_~._,,__ . __ _"., __~.." __ .. ,._ _J'M:IQ,, __ ".,._,.:~e..cQ!1~ary,,; <, " -~.:48e.-Q2' /" ::~!g~~-91

:.~~i~i:~~~~,::,~~': _.'~===~:~~ :'-~=",,==· ..:=·: :-~.~:t~==, ...,·:··:..:':.=~ ..,:::·,~:,:::~~::,~:: .. ·:':"iF~:.-2'·:.":ig :G,:··'::~}~~~:?;;:;l~~n?i"
:~~~~~~:".' ..,~.., ~ ::'=.,-,'~.:., d''' , RM., '-i, .. , '''··,·:;~'~~~~'', .. ,~T·,,:;).,~'71~':);:·;~]~~1~, ,·:~~~.i;i:~~f:
CRT Incineration PM secondary -1.83e-02 -6.0ge+OO
M_.·_ •• ~ -- ,,",•• _." ._-, •• ---,".- ~- .. -~. ,-'~~.......,_~ ••••• ••~>'__"....- .-......." ••••_- •• - ,. COo,. ,~r.?", •• ,. "'-:.{r'i'~Ot~,'.'~:;">1''''''·~;·'''>~' r;"d·J"rf~." ,:.~~•.:, ~"'I''y_;:''r;~:.':';;.';: :.:'.(>ff"~~~~I~·r.-:7~:!

Total End-of-life . '-l.SSe-OZ· '·.;.'6,23etOO
Total AU Life-cycle Stages 3.01e-Ol l.OOe+02



': :~.., , ..

·.;.\t~'.,· :;. "", <'.;"",~;,
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Table M-23. CRT LCIA Results for the Water Eutrophication Impact Category
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1.00e+02

-8.56e-05 -1.78e-Ol
";,"! ,; "--'-';"-'" :~';'/5(?';:"':~r!r:->~,,,:,·'.':·'.'·~·>:-'!,"~"·- -~ --.~';;::':;'~~";': -".:'~';:r::

.•2.2ge.Ol

M-SS

COD

Table M-23. CRT LCIA Results for the Water Eutrophication][mpactCate~ory

Fuel Oil #4 Prod.

Total End-of-life
Total AU Manufacturing Stages
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Table M-24. LCD LCIA Results fOJr the Water Eutrophication Impact Category
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Table M-25. CRT LCIAResults for the Water Quality, BOD Impact Category

~~~~.~:.Eill~~~r!~~gt::T;:.~~w,;V~~~-";:"';:'?"~'~:~::;:,:~:~~~,":~~:~~~:'~'~~'":i7I~:';~':;~~~:Z:;:~t~~.~t~~~~~~
LPG Production BOD secondary 1.88e-Ol 9.61e+Ol

~~r:t[t~,:iMil;;{::·::o~:i;'·. (;';;;. ';:~~~::~f!jj~iE~ii,ti12i~~J::'tJ~.';t;%;_£J][1IQ!{'.~··;· zr~:::i:~M~:~'~:~;~"',::·~r~>~E1016.":31~lQI~Q:;~~~~QP~
Fuel Oil #6 Prod. BOD . secondary , 6.34e-04 3.25e-Ol

Fuel Oil #4 Prod. . BOD second~ 4.28e-05 2.1ge-02

f~i~i~~t~fjft4itt~:I':f::(:;·:r·;i:;tinT;~:W;~itit!;'.:~J~l7~G;;r;]1&r;~:~K~f~L~liJ~D&~~g~is:.~~~'~~~i~

1~~~i~~it~;~i~titi.fG~~~~~r.~~~S~~"r~J:~:Z2~~~TI~1:;2,
.~:i£~~t~1*;~f8~~7~;S~~;Cil!!l"U~;1:;;i$:g:':';(~-'~;:iYE01EJXiD';If~tiq~:~:;T,1:~2J;~?i~1~2:}::~~T!rl]1t~:'~1l1i;~::::\L~~'~

LPG Production - ,BOD secondary 1.62e-06 8.30e-04

~~t~~iii~,I::~t==;;;:~~i;~~~Ir:;r2~~~{:~3?!;;;;ST2;~~!l';'11TIQP'?·i;r00~;fJ~ii[~:f":~\;"~:~:':2~;";:}~;')f4QII~~~Z~2i~~
CRT Incineration BOD secondary -1.70e-65 -8.74e-03

~yS~J!r~;;r:2:ic5I~r!;:F:,r;;J~~Z;07~~~':SEJ:fTI~S-~5Z::::2I;i':I;IT[Q!f1':~:z~1:'L~~~'F3~~~?I2:=~£1!;~:i3~
Total End-or-life -4.6Se·04 ·2.3ge·Ol

Total AU Life-cycle Stages l.9Se·Ol 1.OOe+Q2
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Materials. Proc~sing l,ife-cycle Stage.
l:'IlItU¢G~~.

PMMA Sheet Prod.

$(~JP.rq<l., cold-roUed, serqi.-j]llislJed
PET Resin Production
PolyClII'bonll!C Pr¢uct!OD.
Styrene-butadiene CopolYlller. Prod·
AIl!JDInumProd.

TotalMateri~Processing
M~urll.cturing.Life"cy:c!e.~tag!l

Monitor/module BOD primary 1.74e-07 6.15e+Ol
I,.P.QPr9.\l.iJctlOll ..'.~Qb ."·":s~q~~·"~·i;.n .,':',.. .. :.'-~:.~,·':·?)TQk~:~:Z.".,.i:::~?;!:§£fQ;e

.:r~ii~~;:'·.. . ..... ......u........:.=·~:~:.:.:=:L~~Z~K~·:~:;~:~:=:=:~J~~·';\:···:'::.~r;r~;;~'"~7:;:~.:~~i~~~~;;.~::tt~ii~

.~~I ~~.;~~.~ _.•·.:·:.:.=:·,-.~~·~;~~::;::~:~~~:=j~~~:'·~~::~:2~:."i,~:::I~2;;~::·Hi~~~!:r~:;~j·:;±~1~1
Na~.qas.Pr£<I., BOD secondary 6.31e-06 2.23e-02

t.<::Qg~~.'!1fg~. .. ::=::·::·_::::==:·="·j.Qlr::::~·;··'=·";ri.~.";~'·~:;.3T':.·:::="·~f7?:::·T~i~Q~~77~:,"D:X:Tl:;r~~~~

'I'otal Manufacturing."'-. .. .;.:.. ..:.:..;.;:.......,.--".._-,''''":"'':'':'"~ ..:~-:":_''''"',~...":',.;."'''.~.\·~e';~T::·:~7r~~:':"':77:"::': .:~~:.;:;',' ~./:.~:~;~,fe;:':"':;~~;'''';i;~~.~~~;~
Use, Maintella.ll~e m!(tR~p.a.~!:kif~~~Y:~!~_~_tltg~ . .
Total Use, MaintenanCE!ll!!~.:R,E!Pllir. .. .. .... ~." .. :':~,.~",.,,,,:,.,w-:'·~';'~:·<:'~~":'~·~';""''"0~='''''·.'":''~~~t'·\::~:~;~¥"'I,:~'~:~,::,,~;~.z,~~~~lh
~!1d.::(tf-m-~~if.e~.~y.~l~.~1!t,g~.....,..._._~._..... _... ..c,c__ . ..~_..c•.,..... ,c.....~"",._••.:c.."·.,c..., .. ,',,',·, ••.' ....,.... ;;..... ,.....,..,:..... ' ,;•.. ~~".+.,..,,.c ..,:..... C",·..,." •."' ..:,,.:,.:.:;

~~:~~~~:-=.:=:=:--:.:=:=:::'~=~==~~=:~==.:..~:===~~~~:':~~~.:;~;:=:~~~~~~''C"~~"·'r";~=;::''~:~:;;~~~''?~::'1"I~~;;d~~~:
~:~c~::: --" ..-·..···· .. ·_ .._~""'~:·_"'~·:",:·'::~~B~~~~~~~':~~~~·t~ .., ,~~;>;~J~~C"'~~?~':i;~rw;·""~f'·"7~~~5~

. . _ ,., ~..__.._..'•._,."._ , _ J!!Y............. , , '" , "." ~~." ,.. , ,
Fuel Oil #4 Prod. BOD secondary -3.04e-04 -l.07e+OO

-•••~.".,_.".". -~,"''':''•..-.;_••• ,~•.,,---:-.,'''''~:-..... -'~"~-"'"~ .........'"~~" ..-:"'..".,.~!"" ....""""r.""'~' ...:r'''~~_ ....."..''"''',~~~~~.~3:'t4,~'t·t·_,··-:-;:::,,1W" ...II'1"~:~~!j~f'.~:;.~.~:::~,~1~E'll!ij~-r~<'.~~~'~
Total End-of-life ,. .. . . ..." ,." ··,:",~:i:'j'8l!~CW"·'r-:.r1~oo":

Total All Life-cycle Stages. 2.83e-02 1.00e+02
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Table M-28. LCD LCIA Results for the Water Quality, TSS Impact Category



Table M-29. CRT LCIA Results for the Radioactivity Impact Category

M-95

APPENDIXM



APPENDIXM

Table M-29. CRT LCIA Results for the Radioactivity Impact Category
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Steel Prod., cold-rolled, semi-finishedliiva,r:' .,.~./'

Ferrite mfg.

.Ji~~t~'~g..
Steel Prod., cold-rolled, semi-finished

~!P:&!1i r,"'" ' . 00. ,-, -"'i":'
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L49e-07
:',(,4S:e:07

1.48e-07

L45e-07

1.4Se-07
"

2.17e-08
.,~. '~:",:r1i~:pc8,

LSge-08

.,; :f:~5'~i,
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TableM-29. CRT LClA Results for the Radioactivity Impact Category
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Table M-29.. CRT LCIA Results for the Radioactivity Impact Category
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Table M-30. LCD LCIA Results for the Radioactivity Impact Category
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Table M·30. LCDLCIA :Results for the RadioactivityImpact Category
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~ Table M·30. LCD LCIA Results for the Radioactivity Impact Category
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Table M-32. LCD LCIA Results for the Chronic Occupational Health Effects Impact Category
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M·ll0
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Table M-33. CRT LCIA Results for the Chronic Public lIealthEffects Impact Cate~ory
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Styrene-butadiene Copolymer Prod.
Ms;~9itucM~::.:j'; :,' '.• ':
Steel Prod., cold-rolled, semi-finished
,fuv~!·,·' " ",'"
Invar

':f:~tit¥)ijii.":
Polycarbonate Production

'Ai~Il~\n'Pi4,':·)i::;;.:':"
Invar

(S~l,~04":<io'!lf;o#~J(s.~iN;~~{~~~:
Steel Prod., cold-rolled, semi-finished
~f~::"'" ,.;~:,:", .
Ferrite mfg.

~m.~~;firita~irie·Gp~~I~~P;~(~~·, :'
Invar

~'.., ~. ~"
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Table M-33. CRT LCIA Results for the Chronic Public Health Effects Impact Category

M·U6



APPENDIXM

M-117



M-118

APPENDIXM

Table M-33. CRT LCIA Results for the Chronic Public Health Effects Impact Category
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Table M-33. CRT LCIAResults for the Chronic Public Health Effects Impact Category
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~~£~~~EI~~l!"ic (Jry,~

.u$;<c:li~!!i~grfd<;

LPG Production

;~9~P;~llsti;~
LPG Production <

<®~Odii6ti~1l
LPG Production

"kG~;;a~ction'
Glass/flit

i~J~*tti~~g~

:'~J~:~~~;;J::i(

CRT LelA Results for the Chronic Public Health Effects 1m

Sulfur dioxide
,.~" jf~"" y~
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Table M-33. CRT LCIA Results for the Chronic Public Health Effects Impact Category
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Table M-33. CRT LCIA Results for the Chronic Public Health Effects Impact Category
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Table M-33. CRT LCIA Results for the Chronic Public Health Effects Impact Category
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Table M-33. CRT LCIA Results for the Chronic Public Health Effects Impact Category
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Table M-33. CRT LCIA Results for the Chronic Public Health Effects Impact Category
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Table M-33. CRT LCIA Results for the Chronic Public Health Effects Impact Category

Natural Gas Prod. 13ari.~.c~Pds s~£~nd~ ''',...,.. .... .. 3:~~.~.-1~.. .1.6.~l:-11

USclcctric grid Anthra~.e.lle ..__ .C< • >"WM!i.¥.~.~Qnil,;try ,.. ~",:).;~"~;;~:2£;lIL.,~::~J.;~~~1.t

::~16~~. ~::~i:~d.e:~. ~:~:::<" ..... '" ,:t~I~~~~'",",,:~~~tL

~~;::. ,i~~~;~::'~:~<. " .,::..c.>, •• ~.:.•:;,.~i~~~~'t"'~"'L"'\';'l~ti;;·.:;.2:1~~}l:
Pucl Oil H4 Prod. M(lrcury ..:._.sc::~().~~.~,. 2.8ge-10 l.46e-ll

G~slfrit....Gqqa!L .".. ,•... ,_,.i);L,.,c:PQ~ ...,: • ...:.;;;.,.>0 j ..§i~~i.Q.",;.;:;;:1;~~1]H:
Japanese Ehxtric Grid Bellzo[a,]pyrelle .!D,gd.el(s.e,c:0.n~a,ry 2.73e-1O 1.38e-11

Fll~l.Oil #2 PrQ<1, .(;hr()!!J!J!I}l{@..... ... '. . .~, ,.,,~,",,~..,,§·C;£9A\WY, ••. .: .•;.;.';..i'lQ~~.ii.,],,,.:a~3~tu,
Natural Gas Prod. Chlorobenze..,!e . ..~~~!?!1.~a~x 2.43e-IO 1.23e-1l

LPG ~uction .. 'ff~ogl?l1llt~:~t~.~(Qfgllnl£)...,;... ,;._..A":"';~';'~ .._,§~jl!~.",: ..,_...,.. ... '2:::;,.,...Li:~:~~~ill::,LJ.J.l~kL
US clcctI:icgrid .. B(lDZ()[aJaJ:i\l:Jra.c..ene .., ..II!,~.e),l~~£oll<.!a,ry_.. 2.26e-10 1.14e-11

Pu~I.()H.1I61'roc1...... '. ,MlL~yIJ~I!~b.~.tyl.<:f!1.e.E._ :., ,."." "'. ""' "~.;~SSS1J.~."., •. :";,L~.",'"'~_~k.:i~.~ljE,~,~;ji~li.L

~:.:g;~:: ~~..... . ._~~~;~.~~~.~:a.l~·.::~·_>."', ,.: , ~"" .. ,~w ..~,.w:\~==~f~:~:'.:<~:<....L.·•.. ·, ··'~·L~i;I< .. i;§~:~ii;I~;~.t~;~i1:
,~~::~::i~_~c1 --·:·.ii~i;;,~!y~.~~~~: ..:.,~.· "'. ,;""""".,,,~c'I::,~~~~:~:~ ..,.. ,::.,:..t:zrd&.~~i~::' ..:<.;;.~~~~~t(t
.~~.9Jlj·4:.!~r.0<I~.... Toluene secondary 190e-l0 957e-12

If!!W!LQa.!,~,.__ .. <_._.._..<~;Q~~!!9~~:.__.:.: :=:..~~.<._::<~,,:=~"::,::,::=,~d~:;'~~~£!;roC.::,·:.:· ..,>.::< :, .::, ~,.~;!j2fiqL. ..<.i;2;~;(~
~i;~~~;~Gti~·· ." <·:~~~::i~~··_~"', .. <, .. ",:, :7.:..~,:,:~:...:.:L=.~.j<" ..~::~~6n4<\ii.',;; .......•~.:.;.. :<L:l~i~~};,~L, ...:,~1~~~i~:
_N!tt1J!lllga~Pr:~. 2~¥e~ylch()Ian.th!e.n<:._ ~ecgIl.cIaIx... .. '..... 1.73~~lq;',<c8·;~e).2"

P.u_clQ!! "§J)!!?Q: .. ,.,... ,< ~< ••• "J~lle.lli!!l~!!,!?,.,;. ,,, • .;. .~,;".", .""~~,,,,;;i'":"<"·":··'L.:,§S.~QP.<!!!!Y;, .'L.'..•.. !.:.·::";.;:(~.hz.t~~J~L.",\,J,§,~~lg}
Jap:ln~c~Ic.c~c Gri_~ Fluoranthene model/secondary 1.66e-l0 8.40e-12

;Q§..;Ic.c,trt!:.gr.i~L_ __ ~ "~~~hryi.~~;.~~~ __ .•".~=:=~.~.~.:: •.:.:,,..~.~__;:.~~~<=~~",:;ri~~iL~;:gq~i&c.",· ··2IE..:.:?:!i..~.~~{Q.:"~.:~~:.dgb:i+.:'
~~.!Il~~gl~.!,!~~<" Chromium(m). .. . . . .•.. .se<:ondary... ". .....1.61e.l0 8.14e-12
.P~.£l~J!l~;.gQ~.. . ..", '.. .."...,."",,.i4;~9.<i~i:2;~)P;~~: __·:::: .':.".l:~::::=~l'~:,,·,:~:·.,.·.::;M:~v.~~.2~,~. ::L<:' ..j~~~iQ::.:~~Jli~i~:
PuclOil #16 Prod. . . . .. Vinyl acetate . '.. . . .. ' .•... .' secondary . '.' 1.60e~108<0ge~~2
·~~.LQ!i!1 ..~~ l~:~·~.:. :~:..~~__.==,:::::~.~i;a~~£;E-&~.:.~.~·7::· .,....<::<...~·,.:·,:~:L:~:: ..,!C;S~~~_._;.c.:;.",.:' ~~,~,;,:<·:.,.L§.fur.:ip:.~;:2;j.~QQ~1~:

~~C~j~~{-~~~ ~<..:.::<:.=..::~..:~l::._· ~~~:;;.==~~=~~=,;.-::,::, ..,.-:.::::::":::::.,·:,"~::;,:~L:::,,:,:~l~gp.~:,.;, ," ",,,,, ,;1~~1'~L;~E"::~;.~i
,~~~~~g~~~.~:.. :~.:..·¥ ••~:::~=.··:·~:i~~::~t~~:~~~..,".:...~,~:~..', .~.;.....<:,:;::~~~., ·:·:L,:}:::..S::.<~Ji~i:1I~:::.;z;;~~i~~r~:
Puel OilH6 Prod. .. . ZincJ+2) . ..~e~,9:,lld~ .." .' .... L07~=10 5.38e-12

~LOilii~"__,,....••.:._::::<"~::~_==·=: is~pJ1Q~!1Jl-.·~·. :~~~=~,............ "..:,<o§,~.9!}m .. < '. .:'••:.~<·,.:..;"IM~:!i~,,·,.?,,~~ii;;

~J:~lil~~~.·:.:: .•==..==:.:"l.~~=:=7;h~~~~q;i~~;.~ .•:=.:: _::.:..~·: ..:.:..:=;,~, ....;, ..""~c:~;::~~::.;o,_ .•·,,:~·::;;~::.~:;::>lli:~i~.:,.;.f.L~iiJ:~t~l
:,~;:..~~~~==~'~~~ ..=~..=~=.=.~~i;:~~_~£;~,_.~ :~~..':"::~:.:,,-,~':':=;2~;~~Q.P~";:':"'::'~."';:.LC~:,-·.}i~~1t:L{l~il~~Hl~
~}~~~~::~:_:=:=~-_;:::=..=:::=:..·~:I:i~~~1:l~=::,: ..=.,. :~~,-{'..:.""Z=·~:::::·<·::;~~~~~?,? ..:::r·}~.:..Y(:;;:,;~R~J}.·:~Z:J;~~~,l
Natural Gas Prod. '. ." '. Aluminum (elemental) .' .' .', ..•.• . . secoDdar:y . ..•.• ...~.sOe.ll < 4~2ge~12
:'t!~~I~iii~·g;j~~.."=:~::==~"=,,"=.~~=- ..·<:~fYi~~~====.=":: ~,~..=".·,__..._.~..,":=;".,:<,::,,:.::m~y§~qn~ ·:~·.'~~,~.:":::"::.:·.~g=i~~ij:,,_,,·'·";·~:i~:l~r
Pucl OH#4 Prod. .. . .. . Methyl ethyl ketone . '. .. '. ." secondary . 8.31e-ll 4.20e-12

"~~!,QiM1.~,·.~,:·:"":.",·:.·,:<~..:.~.:<"."~.<,:D;chip' l~ti!Y~~~~_ , '.:··.:::;· ·::.:,;: :,,;:~;.,~~9i.~~,::· h. ""..§.i~;ii".~','~:~:,~liJ.i~.
Pucl Oil H4 ~od. .... . ... .. l,2-Dichloroethane .. ............•.. secondary . ......•.. 7.3?e-ll. 3.6ge~1~

r~~QY~Pr0.4:=:'~~~~.~:~~~~~,~-~~~-.·..~~~~~~.~-.·M~~-;j:~;~~i~·~~.· ..~~.~·~_~~ ..~.·~ ~.~~,~~'~~~ ..~~~~_~_'~~~~~'~i~~:~=,=~S;£;:~~1L" ,;.;'> ;". '.~ .:. ~_.c_;·i: ,;~':', ,..;<.-.•~.~.i~;Z:~~·:~7:i~;ji:·~~~~';·~~~:·~};§~~i~:
Natural Gas Prod. Phenanthrene ... .-,." ,,, ......i."....... ",. secondary 're. 7.05e-ll 3.56e-12

~.~LQillt2-~:=--=~~·".=_~.~.~=,,=:~~·~~.=~JWt~£~···'MC<_'O ,.,:"".' 0. "~;~,'<,),)";";"",.• §~;~~" "..c~;, ..<,;".do.;"."';:.",,,:,Iqi~;.i5LjE£~~~~r~:
Pucl Oil #6 Prod. 2-Methylnaphthalene secondary 6.87e-ll 3.47e-12
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Table M-33. CRT LCIA Results for the Chronic Public Health Effects Impact Category

Fuel Oil #2Prod..)3il'helly! •. ~~9.n,~. .~.:":~e-12 ..J"~~~R

~~I QiU!!?J!t.X!. .., _._Q1ry~£~.. ........."....v.._:._ ",.s.~.9.t!WID'~...,; Jt,,~~~:g..,;..:,.L~tJ2,e;:l~, .
.Nal\l!lllGas.,Prod. Anthracene .._...... s.e_<29..J1..~.. 8.13e-12 . 4.11e-13

.~s.tQR~~.~. .. ., "..~~:£m~. ,..:..~....._ _, ".._.~ .,'''''''", ";,~~!i,~q~.. .7~~?~;1-2 .".:,.;i:22rtl~~.
Nalllrll! Gas PFOO. '..l;:.1J:D1enl:.. .. sec911;c:la!Y]:s:7e~12 ,. 3'~~;';:1.~.

li.~l~.~.E!'~~... __ . ... ...!n.r;I.~Q.l?<.!,~,~~ll)PY.J:(:!1~ .. _....... ....... ~,.;sii9.9!!.c!!iY . ...•.• ],.~~.~:g_; ..•.~.,§~;).~ .•
Puc! Oil #14 PI:od.. .. Phe113.1lthrene ~.l:~.O!1~.. 7.32e-12 3.70e-13

~}!;r.aJQ.¥.~:... ."''''''''' .. .6£~1!i!pht!tJ::lf!1!~....... .. .-c....... ~ .•••• , .,.It;f!,19.M... '. .,.......iqQ;if2.::.'...~:i~4kii
1'u~.!Qil #(»)?ro<i. Nickel cmpds second.aD' 667e-12 337e-13

.fIA~19R#!:Hrt?d. .~:".~':.:.~'.: ·Y!:ttyi~~~i~:.... .. _ ;: , ~~QH~~·j:~;ii...1~~.c;~!i

~::~:::~:::: .' .. ~~:::~je::~g~~ .. ..., :~~~:::..... ..:~.t~~~~i} ..~xlK~;l~~~
Fuel Oil H2 Prod. . _...... ~.d.E~P_~_... . .......,.. ........._.~~9.!!.<!~...... 6.5Se-12 3.31e-13

Fp.~~ Q!ut?~~.. " "' ..~tlJffi~~J;l~ .. _~. _'_' " ._~., _ _.~-.:._" ..,§f;£Q!1m", ..d' ". : '.. ,·;(j,,4?~:li.,·,!,,:~ki~~Ji
.Na.tUl'l1JGasPro<f.. .. !:lc:.~_l?(b.J.f!\I()~,t!l_C!1l: .. _ __... .. .._.~~()11~... . 6.37e-12 3.22e-13

~§9iL~.~, " _".. . .." ._.. _..~.__ g~y~ll(:1!!~()!!1J!!e.._ _.__ ~. :.:: ".", , .~f;Co~~".·. '.. ..•"" .~ ",i"L ..ji~i.§~~11 ~;11:i£;jl~
l1Jel Qil ~1~" __ .... _.__ ._. __._.._?!~_~~L_._._. '"...-~~.(:9.~~. 5.97e-12 3.02e-13

f!,l~lQH.Hl~·..... . ,,~.~._~~Il~2.Ll!]an~e!1.l:..__._ .._ _' ~.__ __.~~ ..~~.~~2j!lJ!L .. _ ".· ~.i;:~~ii.~:j~~;I~:
Natural Ga.s,I'rod.. . ................b!.()!!'3-tic hy..~~.l!!.b.Cl.J1~_._.._.. _ __ _~on~.. S.66e-12 2.86e-13

.£Y~!Q!!~~~.:___ .. __ __ ._ _,_N.iE.~~£~Pcl:s_ .._.._.__ _ _.._~ , .. _..,._.§~!?p.!B&. __ ·.;" l:~I~~ji~~C.:ZiiQ1;W

.=~~~~_::~... . :_~~£::;.:lc~()~~~~~:::..=:::~.._ ,,".. _::·,::.:~::; _. __"_..__ __.._".i~.~it ::J;~~~ii:
~~:I~~:;. . _.;~~:~ _____,... ... , , _ ::.. i~~=_._: ······ ,··:=::: ~~it~~j_~.::~,::;~:$.~~l~

~~.~~;:::_ . :::::~~:~~ii:~:~:~:~.-=.=~.~·~_:"=~·.=:·=.:~~~~~:~:~. . _.:.:;;~~~U.·=~:::~;i~H:

'::~~:::;:.. ..·· ...··~:~=~·~.·.~.~~~~;;;:~~~~~:~~~ ..,~~." .. ~.,._w.,".~.• •,~:~==.=:~~.:.",," .. ,,~..,..1ii;~ij=~::.:z.::~1;a:
Fuel Oil!6J>rod"~~"__'_'"_''' . _ '., ~f!E()!111:l,ry.....,.... .:~:01:e,~.!~ C,' .. ,z·91.e-Q,
11J~1 Oi1.~~~' .., _ £!!tY.s.e.!!:~ _ , " " ~" .•_ _ ~t~J;lm._._ "'" .. ,.." .. , '.•J.:~~"e,:l~._ ~l&!J.!8.;L

~.~ ~~:: :::: . .~.=~~~,~~~Ie,!1~ ... :.::·:·~·:-···:=~.~::"::j~1:~:.:=:·:·==::·=.·:==:::::,Ej~~it.=:i:.~g1~~li;:
:~~~1:~. . ".~:~~i~~~i:::·_.. "_ ....._...:.~~:; ..:·-~-:·=....·..:: .....:.=..:= ..:jii.~i::=:::j~~~i~
~:.~:.:;::.. . ..•. :_:=~=i:iQt::.:~-.·:::. ~.c ..• ;...,.:=:... ,'c_...~~~:~~:~[~:- ...···: ..__:_:::.::.:=·.:....,::~~irtt::.,.j~i}~
~~:.~~.::.. .". _···-_·~:~~~il~~.tl.i~¢.:·::::::.~:~.:·.:===·:· ....:=·::_::.:....~·:: ..::::..=::=:==.:_=: ..:=.:~]~l~ll::::·:±ji~U~
_~~:il::;, . ..;;1~;n,~~:~~=~~· ... ·· ....:..:..,_.c _ _.."••._,.~~~= ...:·:::::::: ",,''c .. ' .·,i;l~~;.it,";~j·~~:H~
~~: ~~::::::~r;:t::~~:ds ~ _,._::.:..:~~::.:::.:J. __ :..__:.: _.":,.".. ,i;jI:~~1J,_,Jj~~~~
~: ~:: =::~ ~;:~:~~;::ntllen~..... . :. ,·.·::·=::::~:=~:;~1: .."·:::.:':.::~ __;,,~%_,.,_~:li~~ il.:.~:·"Jl~i~.i~:
Fuel Oil-H2 Prod._f:lll.Cl.r.e!1,~_.... _".. ....... __ r •• _ J',e,g,~!!~.. ,..........",. . ,~:~~=l~., r;l:,~~:!~.

fuel OiIlt2 J:>r:o<I:. ... ,.:.. Me,r<;~~9J!lll.()lJ.IlclL _.......:..." "~,.•§t:,£QP.Q~!L.,.: ,..~_ _•.__ : _1:22~:J.7.;.~~ 1:Q!&.l~~

.~~~ .~~ ~~= '~:~~N~..~d~. ..~ :-:.~.::'.:::.=:.:~.:::::::~~~:~:~:._=~~=-::_.::::: =:~.:tl~~H~:.~""=i.~;.ifu

~: ~~~:~:::i:=:~~i]~ ..;n;!~~~.. . ._ _, _.;..::.:::~;~~:: · ::.'.=:::=:.~::,::..-:=:::=j~~;~~.il::.~,,:£~;~l;}~:
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1.44e-06
';?;':':7!~~~mi

6.9ge-07

:(:~;~I4J~~9t
1.16e-05 5.84e-07
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Table M-33. CRT LCIA Results for the Chronic Public Health Effects Impact Category

~l'l:odl!cdlll1 .... NitJ:9g~Il()~id~ ... s~()I1~.".", . ~,!!2~:o~ ",~:Q9;~g7.

JJ~__~e£lJ:i~.gQcl,'"~e!~!1!lIp}"._,_" •. ,. .",...,·",",,~mp&~Jl§..~;,:,. ',.;;2~~~.:Q§u,::;.~;.§lLe..Oi:
~J'!~I1~ti~':l ,""" """,,_, ,,,Y1u.ladi.l!~__ , ..__"';,...., ",""'''''' """,'_' , __ ,s~o,!!~._,:, 9.04e-06 4.57e-07
l,.l'g,P.r99.I1£t!Qg, .. "._",_,.."",,_,_, ',,~_Be~,~~",,,,_,,,,~,,,~,,,~,"_~,,~,,~,,,,",,,"~~,,,,",,,,,,,,,,,,.,,." '§\1£l&~. ,,'::~J;'~\:~::i4'i~QK~,:L",:~IifSI.!i£'
.t,!§eJcctri.~ gricl.. Vanadium , , ""',, _" model/secondary 6.9ge-06 3.53e-07
~TJl!!!llfimllg "...:..~~~w~~~~£i~:,~~::=.::-:~.:·-":~::~, ..."""":.,,,;,,pd~"::,';,', ' :,.::=:,:=::=[~2i:Q§',·:~S:~;j7~?2
C~TlllndfiUing., ,._~()pj,a,___. __:.__ ... -._""."-,:,._."""Pg~,,,c'_-' "T" "" ,).8l{:~g6 ',',,,~;~02.
Y~~J~m~ gri,~ .. I:I'yc,l!Qf.l.!!9.!!~!l£i~~ ..~,,,,,_,... "'"J:PE;Sl!f,~!l.f~g1!!Y ", ,.::",;;:;;LL~ ..~}>.~:~~:,:,,;l~ql~
LPG.Production PM ,.~5:SCl.Il~ary 2.23e-06 1.12e-07

"~~uc~I()I!, ,_., ".~}1!!!c.. ., ~ ..~~" ..".. ".. '.;·t~,:7C:il~;~2!i:.,~,':i:2j~
I..PG. ~uction.. ..I:()rr.na:Idel1Y~~.... .. ..seC;()!!~ ......, " .!,,~L6,~~O~ ..~..?:~?e::.~~.
9~J:,I:aI?~.!.iJIi.ng.. ,_._~_, .".«;;,'!-lh.t!!~!!1,£~p.~..._,_, ".__......,.. ,,"'"...",:,~,.p:\iJ!l!l'Y..,... ' ', ..." ...", :~~l~:,Q:L.i;,,~L'l§.k9.[

~~i;~nC:~~:_", :.~_: ,:",:::..'._.:,:~::~:~~:-,-::,:,.= .....·_· ..,~,: .. =~...,.:=~=::~:1~=~=" ... c':=,:..·:: "J~~i,'L~::=~~j3
·~~_~l~~;=:.,.:::.'~: -..-"...._.._=.~..~f::~~i~ ..~:=~:~==:=~~=::~==::=~::::1=::&::...: ..I~.:~:~~~:~i,:~:2}4;1
~~~':~~:: :-"'~::~~&t~ ..:~..=~:="'_,= ..,::-...~=.':.,, ..~~~ .•.. ,. ",-J:: ·.·._ .._".:.":~_::_:._..,~~~~~~~:~~"mi:
~-=:~~~'. ,..,=p.'~;=~~~~~~:~:~~2~~~)···· -,:":,:,,,~,::",,,:,-:-~~~~~~~::;::..::.~::,...,,.:::l~~~ai:=:di~~t
~I~~~~~' .·~:~~I:~~::~); .."'~--'" "'·=-.. :......':,_':·,£'.:ii~~~l~" ,,·,.:.L:;=:;,.:n]~lt:,:!~i~~i
.ii;~=;c:~, "..."...... :::;;,;~~.;(;~iJQ~6r~~!~):-_:." .. ·,_;=·.::.,......,:~~~~..~:, ',.:,;~.._'::~J:,=j~~~L~sji~~"
-~=~~~::_... "...•".~:~~~:~:=:)_.~: ...,~:==::.=::~:~:~,:~::~'.,~.=':.:,=~~~i=.:.,.:=::2 •.~.:L~L,:'~_.::=:~~~~h;::=,2:i~ti:
US eIcctric grid Chromium (VI) model/secondary 5.37e-08 2.72e-09

LPq.~OlI.~~ti~n . ·..~.tl~~~~~=~~.!ii~~_., :..;,." .. _"".."~~".._,~:=;.5!i;;.~::: _,.." ~,:~=. 5<:i?:~~7:=;.::~~~

~:~~c;:'_'=~~~ ~'~.:~::::.: -,_ ,.. .~ .. :::,:.~:~~:p.~Q;,~; ,='~:=:::',:.:.J:~~~[~.<,~ ..;:i~Jjr
US ekctricgrid ¥.e,t!lYl~~cI,r:!Z11!l:,.. " .. 7' ~gg.~g~e~.~O"~.-..,-.T_...;.'.·,.,"~.'~~g~g~, ,,,,.~~~~;.2~,,,
U~ eI«,tric grid 2~~ICl.rp31c.l:.tl)PJ1_l:1!()!l~ . ., ...c_....,_ .!!!Q!!eat~li£Q!J~.·, ,..:. ,.~.~;;';i.... j~~~:QlL;_2;).·18e79.2.i.
US cIcctric grid Bromomethane modeVsecondary 4.27e-08 2.16e-09

9iT,bn.dfilling ..,',~_el~~ii~=~=::,' ..,_.,_._,._._. __ .~"~...::::i~~:--· "=~.::;... •·:.:~:.::=,:,~,.lJJ:~~Q.L::=:L62e&21

~~ :i:~~'=: ..~:'~~i(~ii:.-::-.~:~. __._...,..::,~:==:~~,:-::::':_::~7 :~:L ...'_..... '-·-::=·.~i~ill:L~L=d~~l~~
~~:;:~_n. ... _=.: .•~}~~.~~~~.:~:~~:_:, ,.'" ,.h~~~ •.~:.:·=,:,.,:,:,:~=::~:~::·:,:.:::::T,,··.-~~:;<''':.::=.2:i~~i~~ft17~fi~

~;Ii:r;~ll:~ . ~~~~1~~!Qrl.~; ..~- ···..·~;:,.:-··,,;~:[~~~=,= .. :·~".;:~:::~·:·,,~ ..":..,}~ifff},:"~.~r~\~i
~:~~~: ~a~~~Z::: .'_......:..~.c .,;:::'~:=Q~~!::":~::·,"f2: ....i;ii;~~:,,=l:~i~
~::~~~:: ~:::Ilffi (Y~,~,.,..v_",~~":~.~~=,:~1;=.: ....."... i:·:":":'..2~2.2Ji~tl~I~Ifjti~~~~~
,5~~~~::: .. ~::~.rn,t ....."....".,...=.•,._,: ..:..:,:~:.,.:,;""::'...:=~.:::;~~~~:. ;'''l~:."~~:2~:tm;~~s~}!ii~=
~~~~~~:~~n ._~~~;~~::,~~~.... .~.' .,:.:,:.::~L~J=.~,:f~~.:,:,.:::.::.;2 ..:.:.:;.:L:1~1J:I~iD
LPG Production z:inc ((:IementaI) secon~ 1.04e-08 5.23e-lO

USeIcctric.grid Ca,rb~n di,s~)ficle""'. ·:·::.·:::'~·:~],~IjJ~~~L:_·"::'·"":":=~..'l='J;!~~i9.r-;::I~M
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Table M-33. CRT LCIA Results for the Chronic Public Health ~ffects ImpactCategory
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Table M-33. CRT LCIA Results for the Chronic PublicHealth Effects Impact Category
Process Group Material···· LC?I I>am Type .CI1rC)ni~ 1'iJ~~~:.:~~.,9&,{lJ:?ti~,,:

, . Toldcity (tox~kg)C" '. '. '::,

APPENDIXM

C~!J!1~.in~m...ti0.!1 A.,IupU!!1I!!lJt3) .. .se::().n~ . ~4~~§~~~~.... ..-?:3~,~:~2.

~:r~99:~t1~. .....>.M~\!.1y! meQ!.lI£D'!l!.~... . .. .. :._......"".,. "'_".'''M•. -,,~~f.!iy'y. __ .. ·.>.__ .;>L: ...";·>~.:~::.;,,;.,::f.t;,tl ;;.Q!L";,,,,,;:~~im~·
C:~T.I!le.i.nCfll.~OQI.Z.~P!~I1!orCJ;Cltl1ap.~_, . s~ondaI)' -4.73e-OB -Z.3ge-09

;gIlR~ln~ti..Qg...,.."" ,' " >' Q~.!!!y,J~J1B!!.t!!m£!;!l!?.;:_•• · ~,," .. ,"i,.,_<.·•.;."~:~;bo.9~,,.,.·::·~.. :····.·."'"'".·,'":.::..:~,ii=.Q.f,,:L:~~·
~'I'~eln_~gQn.!~I!!!~hIo.~I1!Yle.n.e._... ,,_st:£()11.~. . ...• §33e:08 . -~:~~~.-o~

.B!.l1J,g!!"!:l~:".. i"~":",,,."'i,,,; •.",,~~Q!A,~.,,·.i.,~··_ ,;•• ,".;:.;,,;;~.£;.Q~Li.;..;;.~.:l~

_:~~cl~~~~:~.~~~.~,,~,_...::~:~=~:~::~~~1<~:~n~:~.:===~::·~:=,,:~.",~_.w:,.'·:"~:.:,,~;~=L ,.. ~..::,,::,· ..=..·,~;·.;.,L,:~~~~~,",i.~~~il
!::lnt\l!ll1Gas Prpc\,~ N~hthalene seeoncblIy' -66Ie-08 -334e-09

"~!1!tsitJ~li.Q9._..... .~·~~~_·,..~.:::..:~T.91~~i~~~:,~~._~ ,~.,-~~"':.:=,:~,~.,,,·.,_.=~,_.:~,]£,.( •.~i,~_~~9~~.=:·:~·:.:.=·.,"~.~~~~";.;~~~~t;:_':,,:~
Nal!.U'81 G;S Prod. .._.__JI}'~ge..n..~.uljid.~_ ..._ ... ,..... _s~()ll~ . . . ._~~:?~;.:9~_ ...,.:2_~.1~:~~.
:'.c;R'I'~,£!!IJ:r!l.~~. __• _.."_ .._. __.•..._....._JsgllllQ!2!;1~_.~._......i.•.•••• ...:•.~.~, •••,::••,"",i.__ •. " ••...·"".,..,;.~~oJl~.,:",;.."_:.z...,"";,,.'"~\..;,." ..:.;,2§~Q.~L::.~,~.3.42~~..:

ii.~i.~=:~-_=:: ..:.:::~~._~ ..~;:=~.:=~:fi;~~~~~~ ..:,:·=.,;:..::.::::,:..::.. ::.::..:=:.~~,:,.::::.::~:= ... :.:...:~_=_::.:._~.;.:.: ..:t~~::.~
~~~:~;i:-~·~:~ __.~==:~_···== ..i~~t:==~~_c--.=~,=~~:==·.~ ..:'r~::::':·:~=:~;;;~:=;_.::: .....:::,.":.:~.:.~~I~i!il~~',=,~~~M:
~~;1~fL~~=~.' =..·:.:~-::.:_:===., _=:~:~iYj~~i~s£;"-=.===~::=::~.;~-=~.,,== . ~i.;.~~ .•""••:~~J:~~:.:;~
C~TIncinE:f3li9U " . _,_,,_ Mr:r.El1!Y.._ _., ." ...,............. ..st:£2.n.<!aI)'._,"",~,:}.}1~~.o.Z_ ,.-:~:~:'I<;.-09..

~~tQ!t~4"f!gd~ '" .., ..."" ..... _".~'".,._J3...m.W£.~,!l ..,.:.._~."'~'''''~,~''''=-'-,.=.,"., ••~.,,'&''''''''''''§..~.,L ....:-_~,~,_.;;,,"";-'-~~it;;h,:;;..;:lJ.~£:,Ql,"~'"';,.~~

.~t%~;~~;.. _... ,..;'".~~~~~=:~:~=~"Ph.~:=~.~":~.~:::~::=:.~=~~~~tL~,,; ._~.._..:....~~.~·=..~~lli~L"~~~~

.~~I..Qi!#4~, .. _ }1e_tIIy1!J.y~..JlL _ . __ ._.~~.ll1!,.cI:try ... _.. -I.24e-07 -6.ZSe-09

'P:!IT 1B£!!l.~tio.q, .. '. "'''''.~ .•....~ ,gM::19_._..,." .._,"-." ,'-,;"",,,.. ,,-"'.,,.....,,·..ii"''''~:".,...:i--.r.E~~~~_,..,..~.. .;~2::=S~;;I;i~~:J~
.rue! Qil ~4fr9d· l:::()pper- ..... , ....• ~~.<l.!1,~_.....y .... ___-!·3.4~~0.7. ...._:§.71e.-Q9
,i51.~t~1!!1J1~~ _-e. __ ' _ ." ,_._," ,",§iliS,s.11..~, _~.'",.,....._.~ .•"<._~~."".""" .."".•.;>."'.".:,,,."'''l!!''''"',J,!!££.Ji!!!rY~_.;~c.;~.~ .. ~,';:.: .. •.. '. l:1:~L~~

~~~~e:..::~." .._ ~=.::.~.= __:;-=::~:i~9iP:~=:~=.:~: __~'""~~_ ~=:=:::~: __·~.·".·..~~..~..~~...:=.~~i~L::.:it~~~
~::r~~~:~ ..."....:__Z~:::~~~~ __=~:..=__:::~===·~...M..'~'".'".",,_~~I~:=:~~~~:t~._ •. :::=~_=:=,:~".~li~~:~~,:1JD
:~:.~;= .. _."'_.·._~·cit~~!~=~~:~:=~:~=:::,"~;:,:,,:"~~~~~:~:.:·.~:~~~~=:e~:::·L.::~:J:;;..<~~~,;Ii~if~
.~;::;:,:; '. ....... ~-~~~:~:.=~.:~:,: ..:":...o::~.:.:,:~.;:=~;~:.:=:::~~:,,: :::~=~:'~:::~,::~,;j~~.: -'=~t1i~
.:;::::=~;:. ". '"',::.,:.·_,,~:i~fu:.··,.~ ..:~.~~ ..:=~~...,:::::::;·~.'~,i~:,...L,:.:=;:~~~:=:~:' __=:~·~:::=:~:~i;E===t!1~E
~i~~q~~ __.•~£::~=.::==:=-:"'~=.":":::c:~:::,,:,,::~~::i'~=~.,··:·=:=~-: ..-=:~:~::,;,2~~rl~:::ma;,
~c1 QilH4 Prod,

~..t~9!S1!Qc!"
c:!tT IneineT!ti01l
~T~ein~tll:lfi
Natural Gas~.

~rlIl~~9.et.l!UCJf1
Na.turalqas Prcld'
.ggr J,nC:!!l.~~Ioc;t .
CItTIneineration

Q!t:r#l~(n.C1JI~9!?

CRT Incineration

~T]Ilcl~~t!Q!l_
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Table M-33. CRT LCIA Results for the Chronic Public Health Effects Impact Category
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Table M-34. LCD LCIA Results for the Chronic Public Health Effects Impact Category

~~~LI'.I'~!l~~lsI:1"9I~. ~~.!J,)i-fi~~J1Ed,,_, ,f~.Cl!~~_l?!':I!.{Y~ll()\V,O!,\'{h!!~t,.t_, . '''.'. ,_s,~.()I,l~. . .. L99,e~93.. " ". ~:31,;~91
N!!~~.~.~ ,P.9~!!!.llltyg(:_."_,,,.L ..,~,~CZRllqary.. . j::~~~~t:.o':..<••i;.f~.~~4:
P.MM.ASlt~ct Prod. ~oll!a, ",.s~c~~<!l!l'Y L64~:03 ..L,~~:.0.4-,

~~t'!!!l!~.~~"..,.. .~ ..N:\t.r,~I!.~()}c!li£ ,.".§.~9R~ ..,..t·§!~.:Q,~ .• ~; ".i12fQ4~
P~,B~.I~ l:'r()(]E~~()n .. _,.P.11,~, , .... '........ ",.".'" ~e<:QI1:dlll')'..1:4:Q<:.:03,.!~5.5.e:g~.

~AllI:I!liJl!im.~.:.. ' '-'''''''''' _.... , ..~~!ffil.(±3)~ __ -:,c.,,_._.,_......_,,_.,-....__ ... .fCZ.9RM..,.....:iJ§,~:9~ ..... :~;~J..a~~:~
~l~el~~. c~li.:!()I!~.s ..epi:fi.ll!~!!.e,<l .. "" .~Ylir.()£!!!~'ic.,ll~,i~ , , ". .!~g!1l.!a.rY..., LOO«:,:03. .,),.1 le.-~,

Jjat~Lg.!!.s.f.!:9d---,--_. .. ,_ .._.. ,__ .E!IJl1_t1"'." '''''''';''.._.~."---,-",,, .•,•.__ ,..~•. ,.. , ~,~QB~. '.,." " ,.~_.~.~.~9.7~;;Qtl::., ,..".;.J:Q.K~J!:(;
N.!~1:!19..as.~· ... '...,'.',_.. __,_..,~II~ri<!~(l":L __" .. ", '" ",..,._,!i~~o,lllia,ry,_" _"" ,!Y2~.:Q<l: .""!i:'15..e=Q~.
··§!Y.!ffiC:~H!!~~~~.QP9!YlJ.lj:1".~,- .,__.,RM "' _ , ,_.__ _.. "~,. :, ..,.... .....s.~q!!~, .. , .. ., ", ,..~.~.~L~,_§~§~~Q4, :,;~:·,?;~~!t9,f
Stee! Prod.•,t.()ld-rolled. semi:fini~l!c:,<l, ..,.B.e~n_e..... _ '."'''''''''_j'' secondary 8.62e-04 9.56e-05
~lc;C.I.?!txI.l •.coI4:rgll~.d •.~-'lli:fi~~.9~, >.J3.~l1!;I!£IJll'cI$.,,:·:.:~:C":.i;;;::9n~::' .:'§:fi~;~,.I'·~·.~;.41%9~:
~aturat9as..l'rtld...., ... , .., _~.e.1e.II!t!!!1 ... _,........._ .. ~e.(:2~,~... 8.48e-04 9.40e-05
.§I~J~.£C?JeJ~l'.Qq.c~~eJ!1H!Il~he,<l_.Mtre!~~.()&cje., ~ " ..~"., ..,~SIi!l~ ;.. • :.,:,i6.~~;Q4T:J..::..7~~
~~~~~~;;;::~=~:~.e.~~~~i,~=~~: ..~·:::::.~:~~~:i~~_ ~~.=·=:':':=: cc...~......_ .•,.:.... ,:::.i~~~~·:.·,.. =:.::: ....,... w.,.c~:.> ....•···=h:~~~:'.-..;;:;;..:i;R~~~
·:~~:~~~l!9.li,.~~§!ii~~-:=:;=:::~=~., ...•.:.::.·:..~.~::: ..=:~:::' c~~:.::.;=:=·~~;~==::··· ..:.::.: :::L~~j;i;;~~:::.:~.;;:1~~i:
;~:i~-=~ ....=:.:,::...::~::.:~~:~-:~_~;;;~::~:~~:~=::~:;=:'· ..=:=:=::.::.:::=::.:~,~,=i~j:~~:_.· ,.: .•~,:·:J:~~~~~",w.~"; ..~:~~~~~j:
SteelProd., cold-rolled. semi-finished . Silicon .' ..' .. _'..~......... . sec()D.dary .. .' 4.96e-04 5.50e-05
'A!I;ml~~,~~~._..' •...•..~.'..~~"=~~-=-.~:.:£;~~N.£;.;,~~.:" .. ,,',c. ,_~.. _ ... :.••• ..N'.. _.: "~~~i~:,~'~k""..",..,.~"~.,,:., ..~,._ii&~~Q4~:~~~:,Lli~Q£
.~~i~::;~~~.S~-fi.~SJ!~.·~.~~~~ii~r_~i9~~~:,:"""····'.:~.n .... """~",:".:;~~~:*:: '.,' .'.~;.~(~:":;t~;~~t~~~:~".,b]1~~:
PMMi\ S,~el:t Prod· _JfYc:l!"ggll~.cY:1!1id~s~!?n<i,~ . .~:7.~~.::9~1.,.... ,"t:.l3,~~Q?,
.f.MMA SJleet.~,. _.._· _,_ RY..droc.!!!~ri.£_l}£~ ,._ ~, , ,,_.•. ,.. ,.., ~. ,.,•.§"C£Q!Ldt!ry~ , ' ...,.~.,_._;:.,~~2.!:=Qi_ •.":...:.:.2·3!.E:Q?_

.~:~~o::~u.ction :~.:.:_.:,~~:~~-~~~~~~;~~~==::,:-~=:.:.=:=:=~ ..:..,_,:~_=....·,;~~r~-.: :'_··.. ··- ··,··· ,.._: =::-.."i~l~~~,.:= ..:..il~~
~i~::~tolle(J •.~e:~~~~==.~~:~.=~.,= ......~.~......~....~-..:~~..=-~:::::::= ..:~::.:=:: =.:::::,:~~::: .. :~..:','_..,==..; ,····;~·:~~;~-.:-,:..::·:':J:~l~::

,~i~~·~:·~l\ed.s~Ini~~!s::.=....=--.~:::;:~~;£~=::.~.=~=~: ....:::::..:=: :.:......~:;~:::~:':7-'. ...., ::=,:::~:.. ·t~i::~.: ..:..i:~.:jJi:~~~~
Pl1lyc~Datc Pro(l.u~tion SUlfU!i.c.acid.. '._.,." .._~~,£l?H~~~ .._.._..• 'w •••••••".tJ.7~:g1 ~/?2~:.<>~.
Alumln\lJll~,_ ,~llrtU.~I,tsJIj(l!g:_ .'"., c_.~ .."._"'»••,~,.~..:.,"~,~,9nQ&Y,,: "., ,,"~~..,..;,J.&~~:Qf"., ..~.,~U1.~;;Q~:
Steel Prod•• cold-rolled. semi~finisbed T!~u!!1._... ...._..L .. .,.. ~~.g.I!.cI!l!)'.:, '..... '.' ~....-:....):~;~e.:Q:1-'7':"~c~.~~~;2-?;1
N.~!!'.f!l.g~P.rod.. _ .'.. .... ..... ...,M9.ly1:l:d.~n.I}!I1;" .. __•...; "... ,..,'_.... ".,.~ ......".".,.,§~on!!!!Y..>." ..,', .......,....~~~."..JI~.lc:i~Qt""...,,",J""~.£::Q§.;;

;l~.;::~;:~~d.se,mi-f~niS~:~ ~::.~~~~~!!!., ,' ~~~::.'~=:::::: ..'.::=:~_.:=,"::~::~,~~~~ .• :.,:::=:,~::::'.::,:=:,:.::~14i~~~.::'T:.:1:.~1~
~:~~:::.~ction ... '.... ,...,,_.,.·i=::~o~~= ~= =.:~.::~:=.:,:,,~~~~~:~~~:~~·'~~:,:::,=.c-=~=:~:'=::,:~:iii~;~::~.'.~:~±I~a~

~~r~::;~n~~.scmj-fjnj~J1¢'. ,,=g;~:~:~~j.~=:~'~=~~':=:.::'==:::=::=':"=::=.~~:~=.::~=::::::=::~::::':.:::::::.i:~;~;;:.::~::~}~~
,~i=::~' ..~~:~~i~I)···· ", ~:.:.:':::~:_" ..::,::,.:.~~~:~::::.~.:::::::: ..:.. ":}~~~~"i:'''}~L~;~~:
Steel Prod.• cold-rolled. semi-finished Tin (Sn++. Sn4+) .. .. ,... secondary . L02e-04 1.13e-05

,PMMAShcct~, " .'ij'~~~~~PQ~4s ..... ''''':''::;:''::.:'§;-£l~' :.o;" •.: ;.".. ~2::~:_IQ1~~Qi:,:~;~~;IT~~

~:~.:~·.ro~ecl, s~mi-fjnish,c;d ...".~~~~=_ane .......•,,, ......·.:::~~~~· ·_.::.~c., _.,,,..,,.~.:~J.i:.::::.:,.:::~r~i~~:
Polycarbonatc.l~roduc_tion _ AJ:t>.1llat!chY.<fi:oc.lII'bo~ .. . .. ..!i~~I!.d.l!EY')..,., ""'"...,.. %i~~~..~- ....~~;~2~.
Al~n.um~.. .. 'P.l1ffii..!;!.!!L ~ "''' :h c ••,'" "" ,.., ",""',, " J!~.9..P~., """-". _~.~ _,~~1£:Q~""" __.,.2.~51C;;..QS:'
Aluminum Prod. Zinc (elemental) secondary 8.S5e-05 9.48e-06
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Table M-34. LCD LCIA Results for the Chronic Public Health Effects Impact Category

Aluminum Prod. Nitrites ,,",s~.on~. 5,46e-06 6.05e-07

Aluminum Prod. Perfl!1oroe~~.e . ,.".".."., ....,~~.!m~ . ,...:"i.,.·c";~.:i~;Q5i.:;,,~,,.~.:i~-Qr
Polycarbonate Production Phenol ,s~o.!1~li!Y 5.22e-06 5.7ge-07

Aluminum Prod. Chromium (\'I), ..",s~fi~c!¥Y':'h" .'·31§~~ok,.~.':·~;.;~J~.i~
Steel Prod., cold·rolled, semi-finished Hexane sC:.~o.~?lI;ry 4. 34e-06 4.82e-07

PMMA Sheet Prod. Copper (+18l'..:l-2). . ., ,;: .•. ;..•~~Q!!.I!i!IY,~ •.... ,...,.iL:L~"':".i;ii;;Q!?,.··~;5.;.4.;Z~;;:QJ:
Sleel Prod.• cold-rolled. semi-finished Coppe~ (+1 & "!"2) , . ,s~o.~~~. 4.2Ie-06 4.67e-07

Natunl Gas Prod. Methyl ~y<iraPne . ..",::.J.~()!1~. ·;:!Z·,I:·;;.·.. :~,~.:,:.:;t6£;~E;8~;,]~i~g:E
:;~~~::~uction ::;:uoric acid..._:~~~~ ..;~ ..;.: •. ; ... ~.;);L"i:.:i;H::~~h::;:~:'i~2;~~~
Aluminum Prod. Aluminum (eleIllental) secondary , . " '," '" , " '. H2e-06 , ' , "435e-07

Natural Gas Prod. 2.-CI11()~o.~c;£t()1'~.e,I1.ClI1~... .•• ; ,",... ,_"~~P.i~'....".; ....;__ 2,~·:.;;:·:.:.·~i~ii~~~.;,:.L:=:ii~6~9i:
Na.luIll1 GasProd.)3r()I!J~t:~(l secondary.. 3.86e-06 4.28e-07

PMMAShcctl'ro<!. . '., 9Yalli?~i:1,)_., ....••.".", ....,'~~".:~;;~~,~:.::: ....•• ,~_: ..L:=2=.:.;,~t~.~~Q~;::3.~Il~$;Qi

:a:~::. ~;:~num (Mo IT, Mo m,'MQ IV,.Mo ·~:~~:.=_::::;:;.',,": .. ,".~.;, ..;.. ,;.,,:Ij1L~t:!::~;·;,1'""~::'~:~:~~
Polycatbonale Production Ammonia secondary 3.27e-06 3.63e-07

l'.MMi\.~~~.~. " ..J[YdrQg~J; s.ulfide.. ,; ~_; k·~:gn~:·;·;.. ::~:·.'~,;;.:;.::::·.::TQ7:~;Q~~:: ..E:2~:IQi~Qi
Natural Gas Prod. Lead .. l - secondary 3.03e-06 3.36e-07

~~!U!!I.Q~.~, ..~\lD:lli~_ .. " ;...... ..:.:=: ,,~.~,~~~. ,.j·;~Z.EZ.g;2:~~~Q§]\.: ..,:a::~:.~li~:
~~:.~u~... Prod.Prod.,.·..... :::ganOge~:LJ1fid~ . .,...~;~~:~!, .....:."...,:.,·.·,·}.?·.;.•~~,..:.;~..;J'.'•.~••~~~.H:.'Jf·..··,·... .::,'.;";~,.~,·~AA~.',~.~~':
, .." ' " , - '--' -." ;..- 4 ,,· "•.,"_.~.,," ..""J...• .c. •.. .. ,... .. .".... . ~'CtI ~

Aluminum Prod. Acetic acid seC:()Il~ 2.73e-06 3.03e-07
St.-..c butadiene Cnnolymer Prod Nitrale '. "'seco~d~;V: .' .,..•......' ·,.{ "·.' \.·.<.· ..~·.. ',_.Jj,,S.·.,3.·.'·.~.··,:06.'.·'.·;. ·.'.:.;.:.'.·.·.'.;:; ,{.i.'8'f~~,·,··N,'7,:...J, '. ..' .,.'" , '-, ,.. _.._. '",,, , __.__ ,.._..~ ,;,._ _.~"_,""-.>1.,,.. _...... ./ill.. • ,.._~" "-_

Natural Gas Prod. Nitrate.. _.__ .......,_ .._._.,'''~~.c..~Il:~.~.. 2.IOe-06 2.33e-07

PQ!y~rbooate J?roiju~ti!J!l ... J:f!YQg~nJ!t~c1~yQ!:qg.!I1:~!!!1.L(ll)l~l'e,~tfi~) .... ~<:£g'!~. ..," ;~' .. :~." :., .j;!&<,;;9i,::· ,~., .~~~i~·9i

,.~~_,.I~.~~.bon,s~,.~te.._..Prod..!1.c~.·u.()Q.c,~o n _~~dr:;e(:~u:;i)"" '.. ';J~~~1~ ., ' ,:', ··.::.'.:,..•.·";.'..·.7~.·.:..·.-.:,·;.•••·•..·.··.~·~~l.~~.;~.·.:.:;,·",:':.;·.·d~',~i~~~.~.:.... ~ .. , , " "..,,,, il1?.. _,, _ _._" .._...:" "" _ ,.".~" _ _..,,~ ""J " " __.._=__"1.

.~:.:i~~~::_~~pg'}'l1ler.~~ , , .• '.··.~;::~i~h~~t~). .•.:.:'.=.:-=..~::~~.:_.:.~.:~.:::-:. :.:..::=::·~-::;~:.~~:.·;.:..(,~:.::~:::~:=.'~5·.':::,c~~i~1. ~~~h;2Ii.i~1~~;
~~<:~I~~ ...co.ld·rolled. semi-fin!~he.d. Bromine... . . '. . . secondary I.9ge-06 2.21l:-07

'. ~JIT.R~ht ..~J1£t!()!l..·jl~~.~~Qri~ ..~9i~·: .. -:.._ _._-~ ,~~~~~::.:."" .. :J.:i~;;M;5::;~:::;I[i~CQ~

.~~~~:~::~~,,,~~n.n.:fiJJ!S.h.eQ_ ...._:·~~i~=~j~.:.:: ..:::_.....,,.....:,..... i •.. , . ,..: •• ~:~~~:':.".. .•• ., •• '~r~::;,;~.3j~~~:~~."·,·:.:·;:;i;i~~}1
Sleel Prod.•.cClld:roUed, semi-.finislted.. )3CJ.ri.£ ;lci!!..__ ._._.... .. ~~£.9~~ .. _ 1.62e-06 I.BOe-07

~MA.~hCf:t.RrlJ:(k.. .." .t\!()~~£~y.lir()£~b9n.L_ c.;. ....._..~,s<:£.Q!1£~ ...,:.·'::::·::·:::.::::;~:: ..:·:-;.~rD·~~:~.='~;;.~I.1Q~11
Slcel Prod~. cOld-ro!led, ~en:U:fillis~ed ,,§l!()I~!it1p...._ ,...~c:.c.~ll~~" 1.47e-06 1.63e-07
'J\!~~\lffi,,~.. _ _..".... _.._~.__ ...."...._.~.!!-dm!.I!!!L .._.~ ......._" .._,.. _._. ~ ....~..'~_~_"],~.Ql!~. . .'0 ·;;:~;~.::j:;:.~..!:~~~~ii~1i.~:'::;":l~2i:[i~
Natural Gas Prod. Cadmium , secondary Llle-06 1.24e-07

it~Iilid.~.~QIii.:~~~._~e!l]i::f!lli.~l!.ed .. _.~·~tL,= ..=:,_:_..~·=--.~..~ ..~._.::=.::.~ ..~::~,~..,..=:: ,,~§;g!!~~.~;::;.::=~:: ..::',~_.:r;:JT;I~;_Qre:=~;:~i;~~_Qi;
~~~~~:.;;~~'Q~.~-fillish~~ __ •.~~~~~~~:~~:! ~.:: :;:.:;:.:,,_ :..:, ";", =~;i~~;· ._ ..:" ":"~, .. ," '"J~~;~~ ..I!:T(:~~I~~:;
:~i=~~r:·_ _._.....~:~;I~ll~·glY.()O! c-~:.:;,:~z.~:~' ·,·,..:C::~:,:.}·:.~.~::J~~~~:i:-·,:;,!·H1i~1'
Steel Prod., cold·rolled, semi·finished Cadmium 9.71e-07 1.0Be-07

~i;I~i.!\\!~..~~ ..:_::... ,=: ..:_ .. :.. =· ..::.. -.;"... ::~~_·== ..·.···;LIJ:.~2~~Q~E:E.~,,;];2~~~q[
Steel Prod.• cold-rolled. semi-finisheil Lead cmpds . secondary 8.65e-07 9.60e-08

l~WiM'-~91~:~ij~J__~!:¢~fj~~h~ ...=.Y~~~-=.-.:",.".".... ..•.:.:.::-.-~~~'.':::.',= .... ::;=;.:..~=~~~~!#r:~ ..:z:,.':,:..'LS=:..Z;:::]fi2~{[f'.;::I::lli~it~:
Nalural Gas Prod. Carbon disulfide secondary 8.2ge-07 9.20e-08

~tsi~~,~:::··' ..':=.:'=.:":::=::_~~:.'.:~<3':~~.:.~~:::--:.=.:~.:=.·::.':·~::'.·:~:::::;:::"::.::~.::zn~i.tiMY~"':·:': ....:.: :'Z:;,·"", ,.....,. ~:;(iJi;~'ih::':~:t;.i:;I':!iW~~I}
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Process Group Material . . . LeI Data Type . Chrolrlcpubllc <~./ % otTow"" ,
'. .., .... Toxicity (tox.·kg) . . '•. <.:." ,.
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Table M-34. LCD LCIA Results for the Chronic Public Health Effects 1m act Cate or

~'~"d~~rt~~'c .....~i:'T,:~,,·.t;i(~>~i~:S.·~l.~'· /:~:'<,¢:,:·:~t~·':~·,~i.~.,:;':';;;~~,~j~~,~~~i,;:~~X~::~?~:~t:f'·.;~;:~~,;~!r~ti~<~f
LCD incineration Carbon tetrachloride seco~ 3.16e-09 3.50e-lO

~t!£f~~~tipri..'.:~~!··~:~I0''''7r~~~o(:.~~~~"r··:~;~:":3PY:;;\/·;;~~'!~;,:~~-m~~~;;'~~S~i~::rll~;~'~~:I~~~~~:?~Z/~~

~&6~"·": ..:·;~S[W3·2'3r=~~~~?~f;:·}'~J"(;tr:~~;?Z~:C:S3;~"1~;!~i~~~~~'Y~;~·c¥:.';·~~;~::~d:~m~~
~i~im~:·~~n:;;i!~~~?::~,~t;;:0{;~i1ill.;t",:~1~'~E:i:';\Y"i::';:;'t:;;;jE:;~~~in~IYi"'~iili~~~l~I{~~~r~.::~,::~~&:~~ym
US electric!l!!d Acrolein model/secondary 1.84e-09 2.04e-lO

m~1'eE:~~~.:.7;~E;~~?f~',':i.I:;~";;~~V:.;··,~'~2;~?'Er2~1I:tS~~~T;~~;t~:'?1~~~~~~f;~~:.:;:~:tt~~Y~~
LPG Production. PM-IO secondary 1.77e-09· 1.97e-1O

~<~1f.1E~D;'~(·:·1!~?·;:'''2/,1;,::·:~'§1~I~~c~2J'~T'''l~~~£;Z.'~'~TI;~~::::t~E~~~=~~f;~!;'~~3~:~
LPG Production Nickel . secondary 1.62e-09 1.80e-IO

riJ'r[~tf!~ii;r{· .• ;' ;~;,,·:.~;~~;S:2~iC~7<i~;;:;~~7r~~-~,~7;·:~?:7~;1!ti'~f'·'::f~f.;;:::~,'~;o?,;f!~I~'flf~c4ii~t~~~~~)~:~~;*:~"~:.'.:~if:?}~~

~~~.5~?'~:~IZ;;;:·:lft0'E;f;~~~.!~~::;f;"Vfi';:Z~{:::!::');;~~~1~~~~~i.di~~:'t:'(r7{~:::~~'5&~

i&~i~t,::FTY!~~I.git?·~TI\~'"~;-~t~l~~~cW»Gf~~:~r~':,[2":5~'j;1~;2~?~~~flfr',~~~~i~~77:::::}~~~.'f~
US electric grid . Hexane . model/secondary 8.51e-lO 9.44e-ll

m:-~~ti~~:~:;;;~~::'?~I:?I;~;,;~~;~~;(K~iil~:~~0r?:~S'~:::t;,%1SC~~;~:~7~:I~f:~~~~!f!~~~!:n;Z:;;~~
US electric!lti,'! Dimethyl sulfate model/secondary 6.lOe-1O 6.76e-ll

~~~~!:~if:7·:t~c:'??~:~5:s,;:·'t'~~~:f::7;r",~'Jfj~'~'~S·~!tfj~f~;7;:'"~L~~~"~
LCD incineration Lead cm~ secondary' 5.1ge-IO 5.7Se-ll

~tBi;!iMIM'iit:i:7~1'f;;fJ~;fi.'7~5~;l:TI~~I~f;~7!~7:·~;~::?:~::~2r;%f~·'~'~:"~2;:;i#~!'~fE~~7:~~~~1~~r
LPG Production . " Nitrate secondary 4.77e-1O 5.2ge-ll

m1~@Pfl.g3.2:Z~;~?:\f:·C:5{f~!tt~1~~~~~~~~m~~E'I~2'5~:~i~~!>E~?;~~7J~;~~j!il~

il[~m~~j~2~c:I'K.'~~T':;?Z·Z~i~'m:~:i~~~;3.~~~IT~j11S3:;~i~'~;;:~:!~~&~~~:~:~'~i~~~i~
LCDlandfilling Tetrachloroethylene, _. 2.90e-1O 3.21e-ll

~.Q:@~ID*-g;;:':;~'*:\2~"~;~?;2}~~~?0]72:~l§~d.i1ri'i;~I;~:~~:!-!~'~";Tl::E:::~f;'~;!~".~.;...··.'.;.::::;=c,f,.;2':::;·~~

iititS4~~r~~J~F:!:~:~~i.:~j~:~~~~i~&~~~~';:~.:~;~~~r~Y~:':!'::'0~~~:~~~,~~~1i:
~~,~t~~~~."l:~::;~:~;;·· 7':~;:?'?rIi::~~i~ii~it~[~:r]t.~:;'07:'~E~t;;~~~i@i~~~~:m
.~~l~r~~~:".·c"r. ••.•:r,ffi~tir~t~~y~ri~S.:::':;~r:;~~'!~·~:gr~r;;:~~G~;ti~~~~'l1Xf~~~m;;~~!ifim

:~~~i~[:~~~: ..•·;~:·~····~O},;:T:~;"::;;·T:rz~~~~:~fi'[ttt~7~~:.};,~~~~='tKt:f;;::';t;:~~ii~~~.~~:f~~~~dm:.~~
~~~~itE!~Y5:~~~'::X)SS;?~Ei~r1f;t~Qc@~~~r:'(")~:1J;?;:'::;~;;:1;7r~f:~i~~~~~~::;:Hirn
LPG Production Silicon secondary 1.33e-1O 1.48e-ll

~I~~fu:r~~~~:;r:'~?\1:';:;·;K<;":r'§{~~~~!?~,!fj1;!;r~~,=~~I~~~~~lrIJ~,~
US electric grid ., Chlorobenzene modeVsecondary 1.33e-IO 1.48e-ll

tim~~f§i;;'i~':':fCfl;[c:':§:;~:Yfi~11':~~ii~~~~i[~::7::f;:;L~':I!i;3:~='~:>·~~Z:f(X!{=_~~4i~~!f~~~:~!~:t~

:~:~~~~::{~~~;:!}~Z;S;;~:[;~~~.~;;;~i~~~5&~~rr;:~;~.;:.'!:~:>~~:TI'~~~l~~~i~~!~~J*~:;~1:m

iID!~~~~;;:':::~.·:,;"~::~:~;,.:;':fC;S:'i:~;~;[~~~r~~~~?~~t7i;?~~~:;~;T:?:~':;~!>:;~0tt~&~~~i§j"'~':22:~'=:t!~~:~~*~~:~~:'t~.:±lKffrJ

m~~:~~7~;:::B::::-:;tf!Z:,:r:f~!~~~i~~~-C::;0~=~~~:~;>;i:t;~rr~j~~~~~\f~~~~~
LPG Production Lead secondary 9.74e-ll l.08e-ll
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Natural Gas Prod.
';c~liiI,l;;i~~~~~~:;,:"'::
CRT Incineration

Table M-35. CRT LCIA Results for the Aesthetics Impacts Category
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Natural Gas Prod. Methyl hydrazine secondary -5.22e-04 -6.Sge-09
'F~~{dii#4Prod:Chlor6b~ri~Il~'" 's;cb~~~"-' \~' ,':~:'.:.i:' "::::~;!m@1?:::'S~~jf~

Natural Gas Prod. Methyl methacrylate secondary -5.S3e-04 -7.70e-09
C~TIn~in~~ti.on, ' 'P;dh1cJr(Jiliethk:e>' >,'s~~*d,~"~;?i>;' ,,:b;'~;jj::::t':6;li~iJjjT:';~=~~
Natural Gas Prod. Cumene"" secondary -7.73e-04 -l.02e-OS
N~~~j:Oi:~;~c;xi, ' cI>16ri~i:!' "".';::';. ':,;~~ci6.~a~,~: )::~o,;:, /7';:D2':0;:r;Q}~A~";;;i~~;:rt1~F;~1

'.;;~i:~ii:~~~:,'>,;,.~~~g~~~~:¢ti~#gc";"~17'~?N::;,ii~r~?\j,,;,:~:'%~~;i~'~¥:~Wi~~~~~i~~::~'L~~~)
Natural Gas Prod. 1,4-Dichlorobenzene secondary -l.S6e-03 -2.46e-OS
'N~i~r(;~s'.Pid~t, ; Styre~~::" ,<' > ,. '" .... s~J~4;;;;'"';'\';"'L: 'j t'14e'-Q)~..:",,::~Q8:
Fuel Oil #4 Prod. Methyl hydrazine secondary -2.16e-03 -2.S5e-OS

Ci3:T:Jn,crileragqh. 'f,2-Ql¢J1ioroethane'; "';<;~g~il~,;',:,': ",.'0";)rx">'\>~;~1~~~~,~':'·':;~:~7.~Q~::

;~lt~iJ~~~iZ::';' '/~~:~~\~iWqykti:" '.. '.'~'~' §~~i'~:;::'t' ·.;;:j·.;~;:.:f?;·,;a~:l~f~·L;,?tI~'~~i.~~t:
Natural Gas Prod. Isophorone secondary -3.0Se-03 -4.06e-OS
;'i~e.i;Qiii:P;6d; .,:""':;;; ';:':<f:;~)Gtifu~ri~;';N'{'.':~":'; :':, .-: ,',', "',' ·f~d;~~ ",\·:~;:':i·:F;<~ij;';~tfE~~.i'<f~~~,::"c.~;I;'~~Qi.
Natural Gas Prod. Methyl ethyl ketone secondary -3.35e-03 -4.42e-OS
~E~~i1i~:iM:~~:;'· ii '<,«, '. ", ::1~:,~ ,:.; ·0~Ylr~f'~~',=:,·, ~:~' '; .':..,,:.,:; ~~~B~~~:> '>":~;': ~::':~~<-:4:ri~·~~~;;:"'~.~~
Natural Gas Prod. Carbon disulfide secondary -4.2Ie-03 -5.56e-OS
~g~~j:~~~Pi6d~:"': ii····: ;.•' ,/:: •... '?;(..:L·;' '. ·/"::;~N;~hi~t;h';i~'i,j~.C! ;,":r;'i'i:r;·';·!:?t);'?:'~;f$ac1idf·:~~l~~!}~:::·'S;i;:t;'f;f,!~:~;'~~{;~e7Q!Z;;::~?tm~

';6i4~~~~::;;> :;:V" ;', .' ·;:r;t~f~~~~~b~<¥~~~,. ".::"if;~'~'b;J~; '0' i~\;!;;\;~};g~~~;;;~',},~~~~~j~~'
CRT Incineration Tetrachloroethylene secondary -7.54e-03 -9.96e-OS
;fit:cih)jliAA:,~;,'::<:::;; .;S.tirbn~;;;~{;"'(iseco~~~:: .: ,i '/{~~;~1~~ij~:?::/::~~f7~i91:

Fuel Oil #4 Prod. Phenol secondary -9.S9e-03 -1.3Ie·07
,B,:i~lQii~4,~;:;P;'/:·, '.. ' <:;fu~~fi6i:ci~~:t") ,:::,±,;.,;.,j",V:",l:iic~JdiiiEE, ;,,", <[1~ ,.":"f'7~f:~~~~iXP;.o;'t~~~~Q~

FuelOil#4Prod. >,,' ~eth~le~)j,keto.ne , . .~e<:0n.<!aTY., ...""""".,,...:.!;~~.~,:<E.~,.," -L~;07,
i&lt~iii~l11,W~~~f"';'::';~~'S:'?j-'r< i' '. ~'. '. "" ii:' ~ o~~~'f®h~~ope'" ,:', <" ,',"" :',;;:';;"'s~~ijiiW:;::ix:r:;i}·:!,',r~(~:;'}P~~3r:4'~e~o~',~N~7¢'OCr
Fuel Oil #4 Prod. Carbon disulfide '. secondary.. . .. -L74e-02 -2.30e-07
;;N~\i#i9~~~r)'f;:i:~¥;i::'}~!'\~::?':~:;:<7T~~i'!fr '~f:~~iY1'8ffi"diiii¢';"':·.' .... <'¥;"";';'>;'\f~6~a~<'::~5;~)~':~:)~~'~,i):~f:§§~~~;':'~~~':~~~~OCf
Fuel Oil #4 Prod. Toluene secondary -2.03e-02 -2.6Se-07
;N~tiw.foas,l:ii'cJ:">,~cifof¢i;i:'\ ";"'~Ji:~*d~?' ';',::,1,:\ "':Z,~~~~~\ C{;~,.~Ji7
CRT Incineration Villylacetate . second~ -2.S3e-02 :3.74e~07

c~TlliciP~ratilk>':;·':ql1Oi~6¢~~e;"s'ec~dtY 'i: ::~3,d~~iQ2 ,.'" ~;~3~~gr
Natural Gas Prod. Toluene secondary -4.33e-02 -5.7Ie-07
rN~~:gis$od:.,;,·::.7i:;:;,;),;'/ c" ii,:: '6i-~Y1~ne:,{{'~'@6iiWifY,f;;~~;;;'" ":;~f~1:Q~~.~ ';:~~~:'~~~,~.

"s~:r..h,;~i2~!~~~Il:"~",, .. ,. "O""i" • ,',:;: ',,'.',.'.'"'''':',> """XB'e~.nz~~ny"el"C~:.'·on?,i~.'de,.is~~.,e,'~s) " . ,,' ~s;~~,:90.j!lni.'~'.·.,:,',...:.":."."":",.•..",.,;,., ".""":,,:,,,.~.,,:.:,:.5S:.·.O~.",t'.'{~"~l\.~.22>.' .••. '.':.•.'.'... j:_.,61~":.L,~t_?06',',,I
;:rI1¥~Q!r#~~cid'.;/:'L,;);·::;:,', . ". . ". .',... ,. .' ", . '.' . ,.. ';4t.1><' .' . C.:", ~-v. "", ~..
Fuel Oil #4 Prod. Acrolein secondary -l.Ole-Ol -1.34e-06
~Q~t}w~ii[eWti6~~T':"" "',~ ,,::" 'f',':;;:;; " ;j;'~i'd1Ylliydhffi~~'; "~bd~i®:'r'" "·'~i.l'.$~~Qt;~,~,~iH:6i.:Qk
CRT Incineration Naph.thalene secondary -USe-OI -l.S2e-06
,Q~T~ji;.¢iJ:t~t;id~ri; 't: MethYl'meth3.c'iyllite';0 , sec:bIldary .;~1;49~ZQ'b:£i~'97~-06
CRT Incineration Cumene secondary -l.97e-Ol -2.6Ie-06

:Nat~Q.a~:Pr6d. PClQlllllclehyde .' sec~ndarY "i.48i~Ni ';~3j8~~06
Fuel Oil #4 Prod. Benzene secondary -4.02e-Ol -5.3Ie-06
:.Q'~ifX1i~jfit#~~iJ:": . 'Bc#~ll; seC~kdiW'·4:?~e·Qi ,·:,;~J5i~cq6.

~~:~c~~~~o~" ;"" , 'iT;';'", ','. '.'PhS...t.y,~..re"."O~le,'•.." , '.. ',.,' :/s·"'~ec:::o,~nn··'~" .. " -.56.AI8Iee-.?o,11""':" .· ..:,:_?S~.:o37'",ee:·:~••·.006,..,'~'.,
{t~I·mq·iii~~ifo,~~·-·,~·~:;~-~-~E···"·;·:\·' ,,- -;{.; .. ~;}::,: ---::-, __ ' _~_'. -. -:--- ._'" ~J.< - - .,_c.:;'· :'_ ¥".-

, Propionaldehyde secondary -6.33e-OI -S.36e-06
;j'oiu~nj{;' ,:~~:~~~~. :6.67~~oi·i;¥i~i~§

Isophorone secondary -7.S6e-O I -l.04e-05
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9!i'I'~~!l1cration Methyl ethyl keton,e secondJlry t.~~~,:QJ...-I.13e:~?

·.g.;r.1,g~ill~\!~. CarboIi.disulfide.· st:<i~Iidiiry ·.;:::~&~:tQi.~Z~WkQ~.
PI!~~ ()~!.H4.~'PI:opio~a!d~~Yd.~S~EO.~~. ..~~+,~;~:';(W\.~.'1t:~~;:.~~

~~r.IIwW~Jif!B. '., . ;I;3.l?.!!ZY..t9.4.tQl1.l:f!l" ~!?JP!1<!;u'y . '.d' ::4A?1~Q~".,.c::~~Q2:

Natural Gas Prod. Benzene . i . ~~con~ .<0 w,.,,:?;~2~t2~.,",",~2:I~:O~

PRrIlJdncratiOllA2fpIc,:!l1 ~~!>.!lAArY .... ~,'.:::~7§.!i:fQQL:.:~EL21s:.~.
Fl!el Oil H4 Prod. ~£~a, . seconda.ry -6.4Ie+OO -8.47e-OS

<;;It'r.In.<;l,n;@.tiOll. .-'fpffi1lllgc,:hYFe~~p~~' ';"::.'2:.: ;;·:.t,il~;:iQ[;~::.2;L~M.
PucIOilH4Prod. Formaldehyde,~.~~n~. c'>' .''''F'' , -9.86e+OO -I.30e-04
J':l!l!!lrlltql1S..~.-;,A:~;~I4~h},i1~· .... ':'~~()~difY ....;. •... !;:.. ?J;i::!3~iQCE:r:t;iI:ii~
CJ!.Tlncincralion Ammoniase.concl~ -2.08e+OI -2.7Se-04

~LQiI~I.'n?<L.As:e~14\lhYcle . '. ;~~g!\~··::{..•5L:::.,;~;Qir~f~~=;:~ir~9!

"~:t:~::~._ ,~ _,.."..,,0"0 :~_ ;~._,.:~~:_s~:~=::.~ :~.~"",.o.~,~,L;~i:~~=:,:::.:.::.;L,. . :,~;:;:;;~;;;~Hi~1..:.~I~~~
CRT Incineration Propionaldehyde secondary -1.62e+02 -2.14e-03

:ciiY;~m;~~_ ....,'..... ".",~• ... w~· .,_••,,~ •• , .'. ,i!;~g(l!.l~$i~4~"=:..·.·_.·.":.~: ..=",~]~:.~~~n~,~:~=·:.::",~.2·:L::~~*Q-.c ..=ZJ:Ji'~
~~r:~~~= ....,._.,"·.'~ .. :4~:..~=::::~,~ .: .._.;...,...:::"J~~::~·"··",:,,;~· ..,.;:~~i7~ILJJ1~~
Total End-of-life -3.41e+04 4.50e-Ol

Total All Life-cycle Stages 7.S8e+Oli l.OOe+02
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MethYlh>:drazine " secondary; .•........•... 7.27e-02 •.•....... '. 1.44e:06
2-quo~agetophe!lol.te·J,e9<in#d' .;;;;D/.· ;. :;2';:~,j:;,:~~~~lQi~:~L&::;:~~1

:~;:~It:Pt: .::::i~:::.;2:7':~;~~_~~~i;';,;.·;c,:,..~il
~::~!le .' :~~::,.SL.-.;,:;~J~i~~;~iL·7C}·;,~ii~~
~::~~::::;~e . .... '~~~~·:1?Yi",;L~::.::;:::~L~J~~~ii~~,':;~Jt:~ifu~
Acetone secondary 4.53e-03 8.9ge-08

Tetrach!oroe.thy1ene ' .;~~;;~~, ;,,:,';4:,2~e;,Oi::·{ E~}Ej1~~:
1.1.1-Trichloroethan.e secondary 3.07e-03 6.08e-08

1.2:DicIiI()r9tl~~"s~~*~;,.. .... :'·'/··~·fI,I~~2~iL~S;'2Si~t.~,
Dichloromethane secondary 3.68e-04 7.30e-09

~'opi9Py!~~gpjp~!ltk "'L ~_.'.·_.:~::§'~.Q»~:~·,,·~.~.i.... :..:'~.,,:~~:::;~~;.rQ~ffi4':~t£~L2~;J~
Chloroform seconQ,ary 7.38e-05 1.46e-09

.G!YQ~~~:: ... ,:~ ..'~: ...,.·:..,"·.~.~~;·,;=; .... ,.: :'_,,~.Z~~~&~~']7.·!;.::·f~)0:, ..:~,:;·~:(~ ..~i·;ll?1~LQ~J.~:}:; :2;;j:i!'O¢.~

.l'rOPi~:~l~~h~::~ •............,.,'",.,~.. . ~.~ ~.• ,,1:~~==:,;··,:.:,·,?i·i';,".,.,i,d.{:l1di~~,t·~~;;;~f :;'~il}~~~

PrOCe$$. Gronp

Table M-36. LCD LCIA Results for the Aesthetics Impact Category

Nlitural Gas Prod.

Nat~1 Gas Prod.

Alumi..~um Prod.

Steel Prod., cold-rolled, semi-finished

Aluminum Prod.

N~turalGas Prod.

Natural Gas Prod.

Natural Gas Prod.

Steel Prod., cold·rolled, semi-finished

Natural Gas Prod.

Natural Gas Prod.

~.tural G~s Prpcl.
Natural Gas Prod.

'S~JPr!XI.,.col\i-.rQ¥~,semi-(m.isiled

Natural Gas Prod.

St~ Prod, co,Id-!'Olte4, ~lIli:fi.nisil~.
Steel Prod., cold-rolled, semi-finished

r~talM~~~.l.i.~.I.».~Q<;~~~iAg.
Manufacturing Life-cycle Stage
MQIlit~~uJe l'I1qsphi!l~. .;:;:·~r(;';S~.4,@fil~:L}:,:J'i~;,§li~l'~
x.roProduc~on!iYlir()g~!ls~lfi.~e. .~ec:.()1!4~. 3.43e+05 6.80e+OO
Monitor/module Ammonia prim.;.,,::~·.)?i.,:.~~,;~.·.',,:;24e,'·..·.,,~,·~:UU,.·,:e:·,~~i5.',.·,.'",',S',":,".:·,i,;.'.",'.:'·I'.".':.::f~~','Xl{:i:.'.'.',,:;

, " " ",", ' .."',,,, ,.,, ",.,,-"""'.'" •• ",,"'''.' ' .. ,>, .. " ,,,,J;=_.~,._ ,~"

.M!Jllit.or/rnod!1le . Acetic acid ,..I,." ,.•. '. p1~." , " 2.23e+04 4.42e-Ol
lananese Electric Grid Acetaldehyde " mooeYs"econl'1!ir'l1 ~.. :..;,·:::,-ry,,::,,·~·::'2·,·.::.;:,.L,$.4~i.'~~+O,~~:[1r~0~~k,:.·~~~,',·;.(;.~~~i~.11;~,-~I.~,:~,·.~;,r;1.~,:,'>"'" ,.."', ' _....... .. " , .- . -"'''''.''_''~'''''' ,.."" :';,.; ''';',,-", __,,_ :,;)",,,,',.,,,,10,', """"'."~_"""~"'_"''' .. ' ." • ..,""""~~." .• ._ ,.. ..

~.e!9i1#4 ~.. .. . gYlJ.-r.c>gen~!I.!!!cl!:,. ',."",'" se.e::.9Il<:l..a.:rY....... 4.26e+03 8.44e-02

~~~!Qg#~_PJ!xl. "" ..,,,..w ....... ,,,•• ,,.,,c,,,,,_.., ..~JiY..<!r.()g~n,!'u!fi.ge.. ,., .. ,:.,,:~., .•,.,,,, .• :;J!~911~,. ·... ,::L",.:;~:~g~};:~:::,:2r~~J

':_~:~~~"...... _,,,:".....~~~..~~:~~~¥i:~= ...'~~~:::~,,.~ .:.~:::,~,~,,:, ..";:.:,:;~~~.:.;",: ::,::L:}::;'E£d':;:~~~::';:;;':ZIfi~!lil;
~:,;:'~~I;~C ~.rid. , .. :~i::~~~~~'.·~.~ '~!' '''~:::~~~:;~~~:L ..:;;:'·:,.::.~;~i~~"~:;",,":::~J;!ii~r
N,1Il!1ra! Gas Prod, AIn!tI()~a ''''~''''',',S.~.:.'.'. ~~L,",~.·.'"';,';. ,.-, ','.i,'.':;, ",).~.'~,',."'.:".:.':~.' ~~.,=i,·,,·.:,:.. :.',..',',".' ..,T[.-,~~~~,'.~,·."'~~~'::":N!Jl1!!tQ~~ll.YQfQg~~~lImq~'. ....~~", .. ' ", , .,'~ _..Ml<j~"_".
~.~.uctiOll.,. ...". .",.. _....f'!f!IIlIl~e~~~~.. secondary l.15e+02 2.28e-03

'J::PO Production Ammon1a .;.. .,..".,"~, •..."'.:."~~¢]'~~."~'.:i",<., •.:"".,.,.;,,,·'.,'.'.',',' :.:.:.','..,,'.'~" "'" ;.:.·~.··,·.'·.·,:,:.··~,i_~6fit.O~~·;.·.,:,,;,'.'. T:;.~.>E:~.2,',.;[~~:[3j..... ...._ •.__.:.._....,._'"_.__,_,..._"'.,'_.•".,••,~•.,,'_"~~.,._,. __~.__"'...._~",._,'"."; ;,,,"""'~'., ,_, • "'~l. . ..•• .. • "",~, ..".' ,. .. __• .

~.e.!£0lllP!l1l~~_ , ,~_. ". 7T()Lu~p..l:.. ,...._ ..,__•.••..•," +...",_~" ....Pcrt~..... 9.0ge+Ol· L80e-03

l,l~~lcJls!lL." ..-,_ ... .•. ...•._.. •..•.~: ._.~ ~llw!g1._, •."... _. ".,~. "';',c,.,""w.,.;~;",,-,.·,;'pJ,im~: ..•::..... ....j •• ~·:;j;~:til!L.:·,.'1:·]r~~([

~~=1:~~~=~ ,,,,.,,, :',,':.'.:"=:~.'~,~ .~,~~~;l~~~:.:.~:,·: .. ,__~.,,; .. _.., ~,.':·.:~~~~.:cr=:.;.::'-:.;;~j;'·"r;~Jjib.;~,;.:·c,"~ii~~f:
,~=~ctiO!l .. , ""~ J"C,."", , .•".". ".~:~~~~~~:~l~~.:·... ,. ::o':,:;.'.;,".·,:.;.::~~i~::~jE:iLS:D~~},:{;3.~~i:L::: ;;;~;;H.i-§i
~t~~~~ ..=_ . ..~":.,~::,I=:;::':,,-;:-' ,., '.",., .. ,:.:~~~~,I1~~: ....~3c::,;1~1~.~~~>·L~.'L~~~~
~::~i~:_:t ...~~.."...._"__._._.,_,_.,..~ ..~~:{~~~~;~:c: .. ~~.c;~c .•. ,.".,2:"~:,,i~~~lr~~L:.;;{,~::_~;:L.t~ji;[D:C;r:t1~~~i
~~~i~===~_~~~:~~:=~==,:~·~:_ ~~~r~i~;~;~~,~-"....,~: ..~.~.~:::..=:~:::~;~ .."~:::.~1L~~:~1L.~:';,:", ......':;2;-;:1~~~:'::L}:;1~
~.~_~~~." ~.. . ,,~~,~ =l~~=~~~y~~::~:·::.,''":~;, :~:,::~'s.JJ"_3~~;,~,:<:,~c '':;'-:E:~,::;~~i!;J:;:L!;:,i~i~
·i:=.:::;~t·: ,··:=~'~,=·,:·.:';::~~<··:~".~tt~~i:~f!E:~"~=::,.~::~~c:,::::~'::::.~2:~~~~,~~:~2' ·''';~~i~~~':,:2:'~,~}:i~~~;
Monitor/module Acetone primary 2.Sge+OO S.l4c-OS



Fuel Oil #4 Prod.

r'lrt~J!t~lliHji?~'";~:~co:~:i~~:X~;l~5
LPG Production Cumene
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~ Table M-36. LCD LCIA ~e7s.~~,.f~r t~e.,~e.~t~~t,i~.s.!.~~a~t~~!~~?,~:",,,,t'., "'iF"tii~'Yaw<
Process GrQUP Material"',· " ..' ... .."... .' LCIData TyPe' ;'.Odoi'(In3),"',% 'oro' ';"(',

i~~~~i~~':'" "" .. ·-·:·,,:,'~~.=-~=~~~~::,=.::.·.=~4;'·~:=': ..'~~~:'_=2~,=~2=~,:~~',:d~~~>::C·",EX:~.,~~,]:~~~j}iii'T;:~ZJt~D]
~c!.Q!L~~,. Formaldehyde secon~ -651e+OO -I 2ge-04

tia!~~~~, ," .. ·::,.:·.. ·,:_.:··..:::·:~·::·A;;;I~~y.~;·:~,=::=:'=L:~~:;;c:~~:::·':'=::··:~~'74MY::~:~·::,,=::,,!::7~::iIm~.rir:·~=;t~
LC:!> incill.~ti.CJ.II. Ammonia, secon~ -135e+OI -268e-04

~c!.9Utl4.Ijpd.t ' " ' ._ ,'A~t&d,;~~c1~:~":·=,:::·~:::"L.;:~:.'::;=;:::.-'_:,i~Q;~~::::2.':~:~{:.:'~:l~23iiI~;·;'i1i;}?t~iiJ;

,·~~:tci:_:t-.....::":=. ~;:.:~.:::.:.=: .._.~.=:.:::~=~~~~~~~~~= ..:...:::::.~:==:.:.=:,~=~:·':~~;~:,::2',~::=,·:;.·:ri:lK~1~~iih::l:~E:::[~iici
;~,~~~;:~~ ..:,~~:=~_,::.~~'-::.:=:.,:= , i¥:~~~s~~~::::·::.,·,:·:::::::':':::~·:=::':'~~it~'"::~·:EE:,;··;·',.~~:c:2Jti~aajc~:lI~~li

.~6i~~=.~'~:==:~·,~=~=~~~.:=-~~=~~t~;it1~;:~2·::~~.::~i:~:.':,·r-L:::,,=~j~f~:~·:~::~,f:::~:!'.."=~2~1i!~SC~ZZf~m
Total End-or-life ·2.30e+04 -4.500-01

Total AU Life-cycle Stages S.04e+06 l.OOe+02
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Table M-37. CRT LCIA Results for the Aquatic ToxicityImpact Category

Sleel ~.:J.~ld·rol!~!ks£~-f!I!Ls.l!ed ,"_..J:lari'!lI1~U:ate_.. __~ ....._......_.. >__ ....__ • _ ••s~!:()~~_._!i.87~-9~....?:Q5e-02
,~te···ngg~_._ _..__ ,•••Jtan.'!m.§!LIf!t.!<."."..w",,,,,,.,••,,,".,,,",.'",~'''''''"O,,·.,,,,,,,w'''J~'''''''~2P~., :. ... '. c::;, ..,;:j,-'..,!i21.~iQ.?~~;.\;·,.j ~il,i

~(;1.=~:~~~~~~~~~:~~e=~~=::·=~,:~~~~:J~1~4~~=~=~.: ...,.:~~_,~",.~ ..~~>....'~~:::>:,:=,,::.._~~~:~&' '. '.. ·.;:.::._i.;~L'~i~~:~~l:.~,;,2,1~;~}; ,
;t~~::9..li.~.. ,_ _ .....•.=,~~.~;~..:..:..=..__~ .._ ~.-c_~:,~.,.,~i"'_,,:~:~~:~:=· '";.",,, :.!~~~~f~I~;;~~;i~.~

~~=~~~~t!g!L .._,..~~ ·=:~:·.:~ __~~11~~'''_'~'''=~''''''<_'M'_'''~''':~'=":~':=:.w.,""~~~~:~~~. ,.~"",;,:"_,:~,,,",_;: ,..i::~;~~;;~.::Jli~t
_~~~~l!.t1!!l.e.!!.c:...C:2~IY.J!I.e.l:.~~, <:;.I!;1()!i!!C?, ....' _.r~~co~~ary. 5.46e-05 2.43e-02
!~d. __ ,o"_._«"_••"_, •.-'-'.,._.,'"_,, .. " ."._~.•J:&i!c;I,9.WR.q:; __~._ .. _.. ..~....._;•••~ .• ,.~,~, .•,.;;~,~"_,,.§Ji£lm~ ..".i1!.l::.QI,;;."c.j~-.Qi
J!1var.-=-_._..."._....~_~:c __ . __ ... _____,. M:<;>l~J>de~~I!,L<M.oII',M.9.%M;!?!Y....~()__",!.MoY!L_~,~pn~ 5.40e-05 2.40e-02
!~-'):!!m1!!<~.NB!!~.P!c;t ..__._,._. ~Q.'!!.! .. .~_.__•.~, ~C..;"_d";" •• ,"""••~~Il.!WY :;~,;""..c. __~.I.i.i~:Q~~ ..:.~
J7cn:!!~l!!!g:_.~._.-r. __•..__..,_,_~.._,""".~~~~~~ ~~~~.",.~,,,.,,.,.~"~.=,,., __,, ,..,._r.._m'.,..~~on~.,,. 4.84e-05 2.15e-02
~~"e'='="='"""'="'''''''= ..,·~·."''''"'='''''''".M.q!ybdenum{Mo.!!t..Mo ~.t M.Q..!YJ.-M.Q.,Y.!.M.&J!!L,;~~!IH~ .'.. '.' _.~:;:~··:~~::~·"--~::,:4;~~~Qi~=:~~.Ii~

j[~~~m:~~:~ ..~~~~:~~:.~:=:=-:~~~~:~~~-';~~~=:~~:=~.~~.:=:_':::.~::=:,=:~::~;:" ....,....__.:::::·::·.~=~:.~t~~l:.:i:i~~
~~=~=~':==~:=::::=~_'=~,~~~:"~~I:~~~~:':.:::.=:~:.:: ':'~_~"::==':~==""-=::;:~::':·:"~C"".,"w-.~:==··i~~~ ~b=±~
jti~~~cC.P~.roll~~~.f!niShed .._,..,. Sil~"er 3~~f~unds"""'_~' '~"h_ ..~r.,..""" .. ",~~~~..~..__ " _.,~.~&~~~Q5 .• ... ;,M~~~~~.
. Jumlnlffil PrQ9.._.. ~.~~_._"_ ••~o~~drQ!:ar~~~." ..."._..._ .• ,,.,. secon!:!!!Y, __ ,.,__.,~~~_,-~:.~~!1.:Q;t.~"":;,;;J~

!~~ .. ···-=--=-.~=: -==_.-=-.N~i:~~:;:_!~~~~}..:~=:'··~-~===::.::~~, ..:~:=Z.~~=~:==~===2J~~.:=:;::J:,;~~i
A1uminumProd. Manganesecmpds. ..' .' . . ..seco~dary . ". . 2.28e-05 . l.Ole-02

mre ;rg:===~:=.~",=~-=~~==' 'Phosph~;;()it1B;;-;~~ ··~:':':=::-==--==="."~:J;';~~~_·_:.;:~·::=: :==-~=:::i2·i~:o~=.:i.i.~
Jnvar __....,.. ' ~_ ..Man~.e ..cmp~~-_,.----.-.~ ._"., __.,~~~.<?'!~ _ , 2~!9~:~~_ ~:~6e-~1i

l~le J!!f.&...____.__ ._. "_._..•_.~~y.~~~~~~!!..~9.!!l~)~~ ..__.._.._,~..~_-',,_ W"~.~OI!~_ ,:..._·_._ ~1~~~·05__.~~

c~~~;n~=:··.=_~..=...~~=.=.::-=~:~~:~~-~~;::T2.:::=,::,:J:~:::=~::~:=:~~~i-=···:: ..·.·_~.=:=~::~J·i·;i~~~"~~3
1t:':~=:"""",,,,,,,,,,,o,,,,,,,",,==,,",,..,, cc=~c .=,.•• J'l..!,~"~=_.".,_ .._""""_,"__,_,,,,,~,,_ ..,.__..,,__,__._......s.~,9~«!.~, ..... ", .~.." .. :' ....." ",'" ., 1·80e:.Q5......"'...~~:!l],~
i[t~.,...,~.:!PJie:c!,.~mi-!!.I!!~S~L._ .._...~c;t£~~~ __~.;_ .. "._"'"...._.~...c.,..,~~q9lID'~"~·_.<~,~~.~""~.:,'--':,,, dJJ.4e·O~L ..,;~..:1.!ttQl~

~=~Q: ...==.-r--_~: =~~~;:,:~~ ..::::"~....::,-=:_"'~""~::::::,:,'!~.:=: ..~._ ....~.J~:!_r =.i~~~t: ..=~:i~~
:§l~~:._c:()!<!~~I!~!s.c:~:!i_J!ishe~L I:l:~~..E..!!!p.~.":'~ .. =:'__!,,~~ - •••.. _,,~~p.!:1~-,.,_.•....... _, !'.~~~:.Q~.:: ~:~~:.:;Q2.:
~!Y.!ite I1!fg~ ..... ._.__. .__., Titamurp. te!rllcw:.5?.!l~•••_~,~"~~_'""'"- .•"'_._.;......!>J;£9.'Illll!Y... c.......;c.;••••,~,~ __l.,~:Q.L.:.:....._.§...\III;1i"QJ.

..!J!~1lI". .......-..·:.c,·::..7';"~.....~_._.,.....-.-,--.:---.~<?~~~·2..$:~~.p~.."..~·""~.'"· ...·~."_.".,.,,, ...,,.·.-~~~·:-·· ·__··_·,=..:···.. - __:!4I.~:,°t.,. ...;",,~,~2,~3.Ji
~§J~I}~p.~!!ldle!!.~..Qm9J~!1()d-'-_. __...A!!!!DiI!!!!B_(i§)~_ .•..,,_ _.,•.',"~m'.z_=§St.R..~._: ....... .: .._ ..:.... """:..c..~;~,J~-05 ""',......;;·6.39~~

~.Iemfg.".... ,o_ __ .. __~aJ!g.!Jl~~JE.Eds _.._...,_ ....,_· · · ,.· c ~~ec,~!!~__ .. ... H~Q~ -:-?..&7~~Q~"

,[~~t•.CJ!lJ.9.:!Q!1~~ .•!wi-f!~1!s._ .•~ti~l!y.c!£~arQ.9.!1L ...__., __~, "~."" ~<.,._..!~.QBm_:.......""-',~;;.•,;.~,'-_.;.:l~Q£:.Q;j-'";,.i.~

,A!!1..~n!l!l!f!:<l!L _•. ~__~y~ne (!nixed isome~L_~, --~._--c-.,.....--.-..--. ~,~.on~~ ,'''_.._,.._, " "1~~~e;Q~ ,..,~..~~:9,~~
c.!!!yy~ ..,.~._ ~ ..__."'-'_'..~-'-A_~. C~l!!P.pm~ ·..~~_ ... .....;~. """"~QP.~ ..:._._.;._, .... ,~...~..:"".•l~~~L_L.l~
Invar Chromium (Ill) . secon~ . l.14e-OS. 5.0ge-03

~~i"·~~~~~~=="::~~:~:"~~~~":Ntc~p~:=~, ..·.=::"C":=::=~::::=-=;,~=::::~::::".~~·..,.·:TI2;ill~:~::~= ..~33
.~~~;::~.~d~=~=~~~~=~~:~~===~=~fu~~~7~~~~=.~~==~.=_ .._:.~:=~_.:-"~~=:::: ....:.==....::~:,..=.==~+:~~~::=::;i1i~
,~i:::.~:::::=:~:::~:::.'~~::~:=:::~_::~~:~::=....."':~==::=.~ ..~::':::~::=~,:::=,;~:: ..:. '~::~.>:'::." ..:dlt~~=: ..·:,j~:~:
Invar Fluoride second:lry 8.80e-06 3.91e-03

·~~~WP:~~=:~.:·:=:==:: .•:::~=:~&;~n19.:~~::~~~==~~==-~·,·~:~:~=:~~~=::~.==,~j~Wi~·'"·:I~.·' ..'=~",.-:S$;4)6::=':~iJI~
!:~~IDi;: .•=:~~:.-==::.=~·~===.==:==·~i~i;~:::~,:=~::_.::=-..:~:::':=:===:~= ..:~~~~~:.=:::=z,=":L~~:=~==~~~;:~
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Table M-37. CRT LCIA Results for the A uatic Toxicit 1m act Cate or
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5.94e-02 2.64e+Ol

';''t~{;\2t,S~"t~i~Q3?]~~1f'.tQiEQ9:

'~.:!~~);ri~~{7:::n.';~"';~~(I;t:f!::IrT~~g:t~;~~~h:;~~~~~
primary 4.78e-03 2.13e+OO
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. Material .. Lc:I.•.Data'1'YPe " Aq.•.·.uaticTOln.",cl.ty. '%ofTot8I <. <fOx-kg) .. '. . .~",

Table M-37. CRTLC~ Results for the Aquatic Toxicity Im(lactCat~gor~
Process Group
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'Process Group

CRT Inch.leration
CRT landfilling
CRT Incineration

CRT l~dfilli~i.

CRT Incincratio,n

CRT landfiIU.l\8
LPG Production

GI;tT fu£!Il~!!ClIl
LPG. Production

c:R:T 1I,Q.dfiII!1l8
CRT Incinmtlon, - . -. ~ - .. -

~J:lanqfi1~ng ..
C~TIDcln~tion

.9!t)'IA11df!lliIl8

",~;~:.:::: __ __.._='~~~QID~:==.~:':~~~~~~_='.~:~.~==::::~~~~~~.:.'--:~ :.::_:.,:._:C-:~:~~;~~~~i.,:::~~i
~~::~:-~·:~~ .. ~: ..._._~~~:~=.=~.~.:.:-=-~;;r;:@L~:~:=.~=~~~:_'~:==::~=::-;::::::=:~1[~~2'=J2~'~I;:,~rJ2~~lf~l[d i:a:1wa
i{~t~~:~_ ..=.-:~.·.~~.~~::.:==-~==-~-~~l~~=~:~~:~:~~::::~":.:~t::,:J=:":::~~~:~.8E;?:I .. l:r~:Zl;tr}~~~~E;:d1iii~
CRT Incineration Toluene secondary 2. 53e-09 L12e-06

.-~r.~ftri"!!i~~··~._,_~.~ __~._._·,~-~~~ ..._~~-~~::iJg~~=~~ ..,.,: ~_~.~'_~';~~'.~ ~~'"'~'~".'~ ..'~.~~.~4~~~~_1t~~l~~::~,~:~~~~~~·.'~~-I~-:~{:';:~·;~.r~~~'~~:,~~~E~2j·~~t.ti:~i~~q~J~~~;[~;t~~~
=~=~~~~."."._"". __.,""...,,".,":.. =~~~i~~~~~~: ..:._;_."."~.~._ ..... "_,,":':~::':.'~~,=:;.,:~=~~:::;~~~~ .__ ·.,~'I:2.,.::;];;:):8d~11hly~~,~1~~
,m_~~:",:~~~_. __ .. ,, __,~::=:.~~":::,:-Jl~~~;0~ ..~~'_~=·~:;:'~=·:·.~,::·:._:=:.~.:;=_::·_::L~E~~~~ ..'l'· . .,.._,,,,~i~:::.;:L::Z~t~l:;,!l?ii~~~~

:_~i._~~:=:~~:~~~~=-~:~·.=~~=:_J;:~:;;i;1::~:==:::==:=~::=:=:::.:-t"=~==·::;~;J;;~=.}::1'.::):E~.]2,:;Z2~~;~i~l~~i~~
~~~~~".:~~:~:~::~..~,~==::j;:~t:"~=.:::~::::::::,.~::-:::':,:T~:~::::::::~:j~i:.:_=:2:C:;L12=!iI:(~i;~iL~~:2m:~!~
;@;i~=~~::~_._ ,.,. __~~-.:-=:==--=:::~~~~""""::~~:::::,:~~:~=.:;:~.:,~~,:'::,:i ,~~:::.~"·L~;~::J~~;::~~L:~:2i.:1~~J'"It:di~~1i~~~lm~~
;~ii:~~~~:.:::~::=~~=::::~:.:..2=~~~1J~!ii£i!!~~icd~:=:::=~ ::::,:::~::::::':::.~::i~:'~::~~(:7:::~==C,l':2~~:it~~ 1t~;:211iii~
:;~i:i:~~==.~~,-::=-·=~~~:_~:=:=~~;:';~~:::~:==~·-,~:= ~:i~)~::.=:~· ..~~2~~2:::2;'~~=:;:,,,:LZ::';:i;:F'~5.:;;;;zziij-H£~[i_:
.~~~!!l~:~~~~==~~=~==~_~~::=~~~.~~1:~:~~~:~--.::~~=:=~L:::=:::::=~,J:=::i~~~:~~;.:I:~;'3;,;:r1~~~:~~il~~l~Ih:r~±ii
~~~~;;~~~--.:=:"==-==:==::,=~~~~~~I=:.-.==_===:.'=~:~:.:===-'~'::=~=='~":~~~:::}::EE:,=~~:~:~2~ilb:tr:d!Dt1
~f::~t·~:=.~==~==_~===.::_=~=:=~~;~.i;i~ __.:=:==.:~~=-.:~,:.=:".:=:.=i.=:::=.····'2··r:',:~;~~~t--}~;Z:;I::?:;!·50::?1}~1~~H;h'?i'~f~~
CRT Incineration l,2-DichIoroethane' secon<:lary 1.25e-ll 5.57e-09

W~4§lliig~::·_~=-~:··:-=.=:"~==~~=~.-1;i;p.i~ii6~i~~-:·-·:=~:==:=:~=::=:":;·".",,~,,I,::;:;~~·· .. :':.:E,;.:.:L:.~, •.:,::;:'";.t.;;",:tm;Ie:::;;lsrm~}]

~~~:f~::Z~=:_~::=:=:.===:=:==- ..~:~~:::::==_-=~:~~.::~~:.=.~,~;.:·:~::~::.,~<·:i:,::~;,,:~~7}2Z; .. L.{;;::,~2~{~2?iJmf;1~.;E!t"~i2
~~1~~==-=:=,:"::=.:.:.~~~:~:=: ..~_.~::~!=~i~~ ..,,:.:~:'+~·=:~E::~:::~:.::;~t:[~~::~T~:I~,:i~::::~:i;,;2.:;]f~14T 01l~;i~i
LPG Production Chromium (VI) secon~ 8.76e-13 3.90e-IO
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~~1.91~!i4.1'!0<!,_ _ .,~_.._. __ _.. _Sl?!>.~~-,.-_ .._ ~ -" _.. __ ~~<J.n~ __ , ". , _~~:f.?~~92 ,.. _~:~e.:19
~C~~, _._~.~ __"......,.Q!!9L~l'henone_._-'-_,_,._~.2l!.c!i!D'_~. __,~_._ ",_,~ "",:1..24s:Q8· ."~

~.!l~.2!lS.,~:. ",-.",_._ ,,-------~-. _.._~.. __ ~-J,..___ _~~~$!L, .._.. _ .. _ ,....~ ..:1~~~·c,~~~~91':lR

~:kBJ:mcinS!li2!!."~~"',"~.", ..,,,.-.,"~"""""" .•,,"..]!!!Y~~Jgene ,.~__.._._..~•..;._".,'m~'"'''_''', ,i~~_~~=.:::....,~..;~,~''"'"..;, :~~~
Fuel O!I~1.~..:.." ,, ._._.. "" .,,.,__......,ShIorof.Q!!!!- ._......,. .._..L_, .._ ~~.!?!!...~...... .__ .__ ._ •.__ :t::~l~~Q~, ,:=:~;~~~;:~~

~~!I-uraI~ Prqg",>"""~~,~~"".."._.~..c,,,_~~:D_, ".•_~.;...__,,,, _,sliQQn4¥Y_,_,._.._,_..__·.·....._''''''''''~.~ ...:ia.J1k1Q.

=~~~~.::~~-:=~==:~,=:~::~ ...~:~~:~==~=:=,:,~~~~~:·."··.:~~·.··:·.:~···~=:~=~,~:~t~zt~
ij;.=~~~:~.: ..~:=.-:.::==:~:.:::=:"~:::~~~=~~::=.~=~._~~_:::i:~ ..::-==.~~.::....;c;,.~,.=-:::ji~~::~~i,~
~~.Qi,!,!i,1."~,_ .." , _ "_ __~ __Car~n~~~lfuI..!'.., __. .__ 1 .. _ _'"~..Q!1~_, ..~ _ _ __.; __.. :~;:R~""~-:":!.:Q~!'.:Q~
~r.!f}£!!!m!LQS._.,._ _.•__""",'_._~um(i;~).,;,_~~~ ...""'"'.,.:, ~..~."...~ _""~,~:~~.:,,;;~Q2,j
CRT Ineineration 2,4-Dinitrotoluene! secondary -2.48e-08 -1.2Se-09

~~~~Ci!iiig~I:~~,~=~~=="-.=~-::=~~::~~£Q~~=.~==~~=~==~::~=~~:~~d;X=~~~~_·=~~=~:~::~~;~2;i~Qi~=~~~

~t:~~:~~..:-.... :" ~-~:..~, ..~..~~:~=.=: ...:.~~::=~by;.;;~:::-~~::~-;:..~_.:==·.:':"=::,·' ...:"'=::~=::~~~~~t::ili~
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Table Ma39. CRT LCIA Results for the Terrestrial Toxicity Impact Category

f:#~~~f~~~c)j3;,jI::, ~;:;; ~,.:;,~. :: .;:c:,~~·::~~e:,.;d~, ..:~~?~~".::. :,<{~~~"'~Z:/:~.~~,~;: ~~~~:t~,!·: ~;,:, ;:eSt?ai t9xi~~f' '.' 'ero,~fTo~:'

~R~~~al~~~ '.;' ~.:,;~::~:.~~;; .,...... :'~i~i4~£~~;'::: \' ,;·'<;~~":;::;~"':'~;;"R;;:!~~igi.i";:!:: . ,':.'3: "~Z;\;~',:~m~?i;~;j:~i~~&:":3}~~yir~~
i.~i~~;~:" ,..:;:;:;..~i~~ii~~j;Y,~'::: .:;}),:';t '<~:, ,~'~:);:~~~~~~i';::' ";;;' .f,:',> ,:;:~~:~i~~~;>x'\~~~~:
.~~i;::~;~~~<'," '.<.,';;> ;;}:'f:g;:;iC< >.,~~i~1~: .. ,: :~",<.::. :~ ~ '?r,' ;~:< .~f~:~iI1~i~:. :v i ,:;:,,",<,. <., , ·.•·,:;;i:~~=al·:~i~~~~:
CRT Incineration Selenium secondary -l.S3e-03 -7.76e-OS
.Q~]~(~!Je~frk~·;;:·· '.:', ;:;:;';'~·}':':;t,·:,':::1il®ri1!~:,(tt~1:?;':.~';i'~',;;:':.i':~::':f:+';,di:¥~~clfu{t ::L~>.h;;,';, ..... "'i~":'t~~{:;~~~I'~::";';:r2'(¥~;

cfk~i;&i;;~,~~::';;;#~~~i::,jt~0\ .c'::,. ..'; ":li;'/":~"'f~~~~i~~,:.•. } .. ::',,;<,.::;,:{i;~~i~~·,:,~!t,~ii~~~;i
Fuel Oil #4 Prod. Sulfur oxides secondary -2.63e-03 -1.33e-04
':~~f~l~/@;~~r::;;; S,~,,;~t:~':t:."~:t;i'j;:};i«~~~;;g<:~?;{/,:' ...... ):t::"~;·:;':::Y:+,";~~~~~,~':{::· ;:, ".' V?"~~;.r :;;\f'Xi~~~~~~:i~,,~'j:;'~T:~i~M
CRT Incineration Benzene secondary -3.18e-03 -1.6Ie-04

ffj~tf'Q1r#4:Rf9iJ~;:;'~:;;;};?:~';>::~',E::·~r;~:(~'Ll{;'~:fX[~~~;~:';:;t~.. :::;·.:~:,~::2+~':~ ';:;,1'::;~i!Y;~~?{~~~~};}: '...:~"';i'i;;:}:?;It:'-j'fl;~~;~f~QL;r.~rl1~~

f.~lif~~€~·!~;.~;r~:r?:Sg~::T:'~I~i'cr~;~~ii~~~~~~:Jff;.cj~5r~::;:::~:~~t;~:-';~;;Iii~ii~d':: '::;',:",'JF,:;:< ,.:. ~ .:.,~~1~i~~~:::~";J~**

Fuel Oil #4 Prod. Carbon monoxide secondary -l.Sle-02 -7.64e-04

t~f:i[q,*~;~~~' ',"t",·?,.:,; '5P:m~;'H~,~E:j;~h~~;I~:I%:0;;f'irri~:5t:;?~~i;'Sf~;i~":'~,:!; ~~'f{~": .~~_. -~>'>:12,-;~if:f3·;'~~~:Y;~~~%i~

~~~~i~~;,';D;:';{';~:;~0:~'J:~,!i~~7~:i/~~iit~1~¢'"1:;'r:s,y~:,;;";"f:~C::;';k'\;"'?~}'::~:~'1~~fJ~~~~~):;';f~;., .Cf' ..'~;~;·:~· 'g!~:~~;~~i~~1;r,:~~'>e~~~
CRT Incineration Sulfur oxides secondary -2.70e-02 -1.37e-03
~r~l;Q~;SKb4:;'.:!?( ·,·:•..~.,:t?:'· ,';!~~~yt:!,;;H':;z~~G~1~#,:~~~ii):ar<~·;;f(~~·7;h~.r·~:](:;~ :H<,c"j~:~,1i;k~~~':·;;'····· ·:;:?':;;··:·L;E?];~E;:fI%~.g2·:~~~~:~

mi~~ift:~;:;~E:\"'~~~;'~::iJ}::~~tS(yY!~ih7;~;:'2:W!;';:£"~:ttjEBjr~!,;;i~;:fi~~~~~i~~f~;:" ... ~";,,':; ',;., <;!5i~·;j·£rNj~~;~L:=::f~t~~~.··
Total End-of-life 2.88e-Ol 1.46e·02

Total All Life-cycle Stages 1.97e+03 1.00e+02
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Table M·40. LCD LelA Results for the Terrestrial Ecotoxicity Impact Category
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I'M~A.~.~te.t .~L... _'.. §uJ!l1r.Ili()~c:ie_____. ....-' secondary 8.61e+OO 9.63e-Ol

~~lQ.~~, ..,...' '" ~_, ",.M~t~~.m;,," ..,,.>.....;....,~,..,., ••. ,,,.:'k".,,;.:".~:~,::"dji£()nQ;yy, ,.ii~!lM.,·:,.::j.~i~:QL
Aluminum Prod. Sulfur d!.o~.d~.. .. se.cgnc:iary 5.13e+OO 5.74e-Ol

l'{~.I~.q~_~~ .. ..•,. .••• ,_~'"'.,", .. "9lLbqIUQ,Qg.Q1f!qC;;.•.•,. ~•.• ,,' .... c., ,.,. ,.;::.";.,§~£gJL~,."."...~,-j~;~I~-t29.~.,,;,~,:>I2J;.9..i:
Pl?~Y.Cll1.booatcP!Od~ction§lllftu:<!i~;l(~clesecon~ 4.43~+OO ..4.9~~~(H

..N!!tw.JllQYJ~!Q~k_.. ...~._,_ .•_•..._,...._"~.."."o,M~!!:l!m.CL. ....:,,_ N " ••• ".,.;,,:..... ".":",", JlI, '.i•••.''':.'', .;li"':ll!:~.£9..J!l!¥y,.. '..: ......,.•~ .._::.~.:;..2..$Jl.9,tQQ.:.~c~ •. ,).,.2ie.diL
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~~~~~m~~"':"""","",I''I''-riI'_''"''"''IDJ!IJ~~"-,.JIw....,,ull1J'~',"II~'~~'~"'0':w~~S!Pm'''_'<I!!':l!l'I,..)!:,~,;,~,~~::r.tI:Jl:':b':'~'l!m:!I1C'C!!$lI'::w::.J-'~:i"~::-i':~j.~:;lt,~~~"~~qq.~~._::... ~~:·.~...:.-"w ..,,";"_IW~~),~ •••~'m~r~~.~J.,,~~~~I':~'~~'Z£..{l~~

·~:.!~i~~~,~ ..~_., _:~:,~:~.=.~· __ ~~~~2J!9~;,==,:~,~~~,~=,=~::~.,,,,,,,,,,,,.""'L~l:~~~~=: _c,._, _.,:; .'~L~:,~;:;~i1t~i.;:_,.;.;,".~l:~~i
Steel Prod.. cold-rolled. semi-finished Vanadium . .' secondary. . . . "; .. 2S3e-02 ......•... 2.82e~03

.~iii~~~~.~~·= ..~""~~~..~:.-".~.·_~, ..,Q~b:pi~~~QM£li ..~.~ ..__""'"""'·'&">'"""':"":"':l~Q;~:< .. <_•• :,~L..".: :,~~~~~,;i.i~~'·~; ",,:,,]...6~
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ilflt~~.~~. ",""","..", _ .•, -6rse~__'_'''''~__•__=Ji'''U.~BiI~9..n!!&y"......•.~.~.;.~ ~_.,;.;,;"'.""';...,k6.~.Q~_~...;"k42ll::.Q~

~=ci~~~.=~~~.:~~==~-,-.~::=,=·~:=:~:;;~~: ..,~~~~-=,:::":;:'~~~:::J::~~;~::".:~::.,,: ..::."'."'~~.,:,:~;=,~.il~;]i.::::~;:j~i~j5
l\lumlnumProd,. .'. .'. . Arsenic cmpds . . : seconc:iary .. . ....•.. " •....., 1.77e~02 '.' L98e70~

»h!MX~~~eP!~:,::,.:~:.=~~::'~:_.~::~:.~~~~~.=·~:::,::=~~~;~"~·""::,;,::d~pi~..:.:~:.~:.:_ ..:,,,.:.~.:..~~~,~_""i~:i~;.Q£··· ':::L.lli~

):~=~~:~-:::,~~~~.~=:=~,:~:::._~=~-di~xicie ...::,-==-:-==~,:~::.:-"~~~~~i.~.=, ..".,,.;..,.~" .."'.':~~;=~:~~~li~~_~~~~~~
·~~~~~~;;q;~~~£~~~~===.~i:~~~~:~~=.,==.=., =:~~:,,;~::.~=:.~.~::i~~::.:~~ccc_ ..,.,.,..,., ..,_~;,"..~,~=ii~~=2.~j~l
.~!~J~::'£2!.!!.:!!?.u_c:~ •.s!:~:f.i.!1!5.1!..~ .~ _.M.<I!!~!II1esec_"!p~. :.. +................5.!l£()lldary.... .....c •••....•••.. ,. ?:lO~:Q3,_.:•. ,_c..~:,!.?~7~~
~~e-bj!,~dlcnc;~J~P!;:Q4"__.;.._,,. ClJ!.!?<>n mO!!Q2ililc<_,_"_~_"",--_"",~,,,_ ..!~Sf.on~_~, .._"':"~~.L~ __'t~8le.:M:
.§.t~.l.~·l c.~~:I'2.1!<;cI'~~7f!!ll...!~~_.,-- .. _Nil!'2l:len dioxide __....... ,.__ 0 .. .• ' .•Sl:£op.,c:Iary_.. c... ..§.~~~:O}, .. ?,:6,2;~~

·;:~,1.I!m!Al!~_~_.__.-'"~.=~~.....l;:Mll.9!!J!!.2.noBq£...,.~~_~"',.,_''''._.~~..=~,="."'''~;~'''' ...Ji.~,.••,,,._tlK~.;

..~~~=:II~~_~~~~=~~:=='"::~~~= .._~=:.,~~.~::;~.::~,;:~:=~:~:::_~=..:.::_.:~-=' ~,==ii~~: :-L..•.=3~

~~~i!~~~9!t_ :.._•. __~••~,__ __ i~:~~~~.~.=~~-:.-=::,=::.~=~.::~::==.:,.__~,,, _~~,:~.~~.::.:,;_~~~~=1~~
.~:~~~Y;~_Q.;:.',.,=~==.~.'. ·~=:,=~.:~=~:,~::==:;,'ml;=.~;~;:~:';:i~~~:~~:~ ~:~ ..,,~...,'~.:.'""'.=:~~,=J::i;,~ ...,::l:1~~
AlumInum Prod. PM I secon~ 3.31e-03 3.71e-04

m:~..~1~~;,:~~ ..,::-~:=~:.:~:=,::,,~:iM==.==_::~=:~;::.~,~;~~~ ..:..:..:.::~·~:·:.:,'-~·::,,:=.~ili"~~~T~~
,§~Y.!C.Il~ll11~d!.e!1.e_ C.op~I~.r I'r,od~. .... ~i\rClg~Il.()Edes . __._.,._._L_...._..__~~c.0Jl~.,..... .... .' "'-, ".T".~:Q,6.~~Q~'T "~·~~c~:~.-
!l§;>mt!!;:!i!.l.~..!!I£.Q!<J;;.9PQly.mqJJ:9.9-'- ._¥~.e_~~ ..'"'.....__.,.',lIIlllII_~~...~~__ ...;"_.._,......:..."...:......~L"-"_£~

~~::~~:~.:~ .. -.:~:~,~:...~.:·:::;~:=~::_·.t:=~4J.9-~de-=:= .. -= -~,~~:~:~=::::i~~:: ..::...==-=-~·==.:~.:··· ··..1~~t~:=i~~~
.=~~:=:.-=~~~:~::= ":.,: ""..:~~:~:: :~:.,:=,~:~~:~::~":~:f;l~i~=:::~:~:.:~_.···.·::··.~:~~ ..,:·"E:J.t=:..Ii~;
S!~l?!~l:'b.cg!<!:r.oll~. _se.rnci.7f.~.!!~ , _ ~e.~.c_ _ _. ... __ l _._._.S~().I1c:iary - ...• , ;;H~~~2~..: .. ,.~~~~.~;'!:1;,
~,tC#.~-'._cold..:!.O~..J.~~Dpi_tl!sS..._._,_...E!l~11@...!1!~_(yJCIJ9JY"9.r.»:hi~"~" ...,.~.",.,i'"'..,;~.£f.Q.qm, .._ _~ .._-"',~,_J..~L;.;....;J;~s.::.Q.4;;

"iij;ji~~~~.~9P~·=.·.: ..:::,::~·::.:==-.==-liic:.~~~;:~::=: .._.~~.=~.~,.:.:.:::,=:::::~::~~ ..' :..=,..:.~:,:-.u~~=~:",~d~~;i
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Table M-40. LCD LCIA Results for the Terrestrial Ecotoxicity Impact Category
~qro~p ¥a~a1" f' _~ ":.-~.~:~r~:~--&1~~..~ ,!~~~8I.'.~9#~i~i,,:·-~ ,%.~t~~~, ,~.<;-~'
'i",,,,,,,,,., ,,'" :"", ,,,,,' "" "i"" """'" •• " '1', "', (tox-kg) , ','

Aluminum Prod. Lead secondary 4,4J<e:g7,,,?.:9~:.O~.

~~-LurgG';~~~-~,":~==~=~-=~:,="~:~'~:~~:~~!!lqffii~lii=-::~::~-.::~~:~:~':~~i~::'::~:~~·~I!:I::ll~;:I:~~~PB~,~' ~-~._" ..~~.~..~.",'~~;;~,~.~_."; .~~·&~m~-~:~~~~~··9Jc;:!l~~
§!~~~~.~'?!~.:!01!~._~~..:!i~~c:.<!,_, __~c1_C!!1pd~_, ._ .,.. ' .,_.".", ~tz.o.'l.~!IY. 4.33e-07 4.S4e.QS

RMM~~~ ~:._ .•"._.__~, ......_.,,_...£.~orin~_.__~,,"_"~,.",e,,,,,,,,.""=".,,,,,,,,·,.,=,,~s,,,;," ""'''''''''i, •• :"ii.!l}:~~~~..,,;j;~;.Qi
:§~~'!t=.:~'!ladi~ .£,op(),1)'!ll~J'!~:. ~.~-!!J!1in~(:!:"~t_. __ ,_. _._, ... _ ._~e.£91!~ """"",."""".}.62~:Q? _:__ ,,_~:Q~~:Q~,

~~!!!!~.Q~J:>!():!:i",,, .........,..__,.....~, ...,,,, __,.~..<,,.,!'M;!!L._~,,c""'''~''._'''''''''._'''"",~"""", ..'''''W,"":!,,,,,,,,,,;<'~,,,,,,,c",.", .. ' ,,,,.,"_,,,,,,,,,,:,."•.;il,:~~,gt_:k":':"~.;g§;,
MU!1~lI.tt.J:IlJ'!!Jd!___ ." _' _._.__ .. ' ... £J:!r~J:l!iu~0'!L ." _.,,~,"~~()'l..~. 3.31e-07 3.71e-OS

!'fatuf!l~q!S.~._." ... ,"",._._._",... ~.._~"Q;~Yt(l1~~~ .._..._"_'_"~'_'''~ __.''''''''''"'~';_''......"w,;,.£qQ.~...."~;..';~~,,,'_: .. ~....~,~,"B;i1~Qi:~~:IL5~;.Qt
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§t~, coJg,:r2.I!.ll!:t.g,I!!kfi~llSIi.._"",,~,~S:!t~L ,_.c"'"'-' __'!".l;',,,,,,.,.,,",';IllI,,, .••"'c,~~SSqq~ ' ,.. ~.. ,.",..,.:,;...;"";,;";;,,"2,§.Qs:Q:t_;,,~~,,,,,~~~.l
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~i~~~~~=.::=.:.~:==~=-~~-1:~~:=::,::::=:::~~::::::==~~~~:: .. ::~~,._:=: ..~,:.==~,~=±~~
~ts~:::;~~~~·,.::,~-~-,··_~=~~.-,'-~~::,~:==~=====--·~-=::~==~=::~::."::: ....:,....~..:=,,..~.:..=t:~~~=~
..~~~1?~l!di.c~~,f~!Y.!l.l~!~_- __~:_, __~I!1~.I~ne ..""",_~~.,~_"',_""''''~ __ "'...•.~...!l_~~~,.,.~ ..... -..;".~, .........,- ..--,1~,!l.1~~~7~"':'C:-';7~~';;:Q~J!
~c::l!!!~cn~'£'01JQI~ Prod-'--." -'-I-!y~f1uorJcacid ,_......_ ••,__-""'~~__ "_.,:.~ ..~._'"._._~ l.&!r-J!L.,,~

,l~eel ~~ •.~<!)~-!l?!~~.~~D.:!i..:!iJJ,i_~h~ __ ,_~~g~;~_~_~,,~~_._,__~_.~ ,_" "'~tz.2~~ .. _.. _ ~ ,"_....,~ t~z.~~~Z _., 1.~?~~,Q;
!~tu.mi!!J:!lD ~._._ ......._~~.. "..__,"_,,_.A-ceqC.Acid ,..·~""__._."I_"'"'__., ~Ili!!Y~ ....~ _ _ __ """'.__ ~:k::!V--....-,~

llrr.~~i!!.~L1£ti~ __""_._. .._".~2nia._"' , ..• _.L._ , _-,~~g~!'~r,L"' "'-", - -,~~~,:,9J':"."_,..,!.;~;,!l!1

~.~~-bU!!1die1S.~!Ymer ~-'..._._.", .....&!!m,Q!Y!.' "_"""w,,,,",,••,,,,~,,,,_,.~-Pl1lWY=~ .., <_.._ .•= ..o•.,,-,:~"_.,••J.:~£:.(V~_.~.§1

,A1'!..nl!nuIl!M ..__ f<?balt .. ,.._,__ _ _.._ ~tz~1!.~~ _' _._"' ,,-._...J.~1~~;g.L.,.._..-,~;71,~Q~~
:§~L~.~·. oold·r.oU~.~~E.!i.:fi!p.§.g,~!L ..__':£w..i!.dipm !Ylt..!.Y2.:l::l.......",;~"__.."'~" ..~"" ""~Il.cl!!Y.."' .•_..~.;... _~,,...:.~.,......:..", .•J.,~Ql~.~,.,:"".!;mp£t
~~!'!!!ltQ.~ ~L_.... __._ .. .._."'~• ....M.ll!!!~lh):~,.---__. _'""_-__-''', _s~con~.·_ ..... ···_ ..·--·" ....· ........·...!:i~e.~97··.- '.::-" }~~~~~~~
7§1,~.c.(~,_~9Js1.:f.Q.~ •.~~Hj~A~_ ..__.......»,Q!S!LQLIP.L,,,.,~,="=,.,,,,,,,,,,,=~,~,,~~_~QL.daJX"'"~'~"~~"'="'~"i ..,.~""'ii""'"1i,,,LJZ£:gL,~~~;~

,~i~:~~~~~ ,,_,...~'.~::',_~ ..=~~=.~=~~~~:,:,:~:: .:.,:~:::~:~:.:::~=~=;:;:~.;~':~.~=~:._-?=:.=: ..=:~;~-"':'=~~
~i.~:L:,~:~ _.-.,~~,.~ ..-_~:==:_:~~:~_~:~~~~=~_~~~~.::~,,=:== .. ·..L::.;=-··-::-·-~~.:~~-:,~,~:,:=l~i~~~~::=L;iit;~
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Table M-40. LCD LCIA Results for the Terrestrial Ecotoxicity Impact Category

.N.~!l!I!.lQll!!!I)(k....,. " ......, . '. l~lJ!!2g~n.c:Jxic!~ .., .s~o!,:dary 1.47e-02 1.64e-03
P'O.Prod.. ,__.ucti._on.•...._ , ~ .........•., _ A~enic . • , .." . .secnnrl~~.· :•....: '., ..'·..·..c.· ••'.·.··, ..• _ •. '.,·.:.·,·.:.·!);9.'_'i'.~~·,o,··.·~.,·, :.,·.. ,., 1,/i_~O't....,. __ .-. ~_ ~_ '__ _.' _. ~ ~ _ _ ~ ._ .. ,.·....tl:~,;~~....- ...."U, ••'~ ......~_" ...",..,I..~'<'l'J,,,....,"'o.,,,.;_,,.,':"'"""'~~'"'.'~"""!W""~.ao."~,"'i>l~;'l~~,!lIio!JI".~'''1d,,",,,~<jI",,~J'".._ " '." _ _ ,.,_ . ,,~ '" _.. ..,.-~ ""~....J'\.4 ~

Monilor/module N-bromoacetamide pri~ .....~,.1.11.e:93 J.o~t::Q2

M0.9);;~~:~~~:::~=~.·~.:::.~=:~=~::~j.~~;l!riy~ri~~·.:.:"~'"'~,::.::,,:;:.~.::~.,,'~.~";,p.~~::: :_,,:.JL.::;'"~·~·L~.QF;,QJ~.".,;;.;~j,:!§.~'

~~~~~:~:~==., ~.:.~::,:::,~:~.:,::::"~;~~i.~;.:=:.. =:~:::.=:.~~=,~ :"..::."..,..,.,':..:;~~~~~~'" ·····_~·J~~~;,~},;;,:·;j"i;ii:~';
t:J~=:'=~~~·~~=~~:~::,o~.==,:~;~~~!~~~~i~~~.~.~> .....j ::~ ...~:.,,~~~:;.~ .. :.,~: .,•.. , •...co.:. "."...:.;.~;~~~~l~.~~.:o·:.~
~IP!Dcse~lectricGriel .. £I.'!()!!(t~~-~ ~oc;Jfl.l/se~()!1dmy. 4Ale~O~, 4~9}l:.-04

J~P!t!~~..~!!'£trt~.9Jj.9 ..~ ...._~e- ,~~,I~RiUJ!l~;. ...~.. ;, .. ". .;~,:",z;:,.:.;.mqgl:I!§,~g,2!!.c1¥Y, .c. ,.d:;.;;",4:,~2£::..Q~~L,,;,;..;f,a~M;

~IIPIJ1~~ !i!ec~c.Gri.d):'~~~!tYcI(l, ..II!o.deJ,lse~9nc1l!rY3,.93.e:Q.3. 4}!!.t:~9~_

EJIs electrlc.&tid .. '"'' _..._. ..._ .. _........_~m2g~I!()I'l<!.~ ...:.....,..,' ""_._"J... ".._.",~",,, .. ~~.sP.llll..dlpy,": ,_.._ ..'"..;;:..::"......:..*,e~!<.:;.~~.~"" ..,k5S~'"
Pue! Oil H4 Prod'. . .. . Carbon monoxide.",... secondary. 2.16e-03 2.42e-Q4
~"'t.....,·"'".~,wr--c~-;--_··: ~-- - -~-~_.~-_._- .• ~.".~ , " _ ,. .......-...--.-;-::~.. '":rr., _._.... .~,._.,,<r,~.'""'<~-; . ~' .", ..... ,"'"-: .•~ ,', ,. . _ •. ~._._"'.~"'"'::~-,.'"".~., ",.'~ ...~:--- .. j __<.?' :'-'.".'

~1.!~EkctricLg.riJL,_ •.~_ Zinc (e!~~L,=~~=,"",,,"",,,~;,.,,,,=~9.l1~~9!l~ ..,....::...._,~.._...._..,..._:2"Q§~•.-;,._~

i~~~=======~·~:~:~~_··:~~~~~:~= ..~~=~:.=~=·· ···~~:=~~~Sf:g~~.~.==~:.~~; ..=~:;·" .••i~~~~L_,,,~~iii~
US electric gIid . .. .. Carbon monoxide . '. ..; .' model/secondary . ..... . 1.96e-03 .... 2.1ge-Q4

~~y~~'; =.:==~.;_=====~~==:~~~~ii~dr;h~~a~id~;:_~:~:~~.:=';==,:v~:;~~~.P~::.~~.:.~.::;~.~;.· .;.;::.::~,.,,_>~:...~iJl~.Qi~:~.LJ~
;Moni!!,ltl~~1;l~.~.. ....._."..~ . _~.suc"..__ .. ..._. '''''-'"'_'c ..--:''.-.p4~.. .'. ... '.. 1.~7()t::°:3. ..... . l·~W~:Q.~;l
~~tH.<:_,,_~, _...,....'.~ ..,,'....I-'""'.....,_,_"•.II'"'\..I: , • ..l'IIo..'lIW-••~ J::1g!!.~~~.~~'m~)wJlll'Jt~~'J['_I~QII.J~l.1'11i'.:o:J1~'M~,";.;,::'l',r.U'IJ~~"Uili,.LP..!HB!!Y_.__""_...,;;'''''"....."'...,... ""'U.,,''';...l<~~ ......~~iA}.~~QJii._O':"OU:r.~~
us..~~.tIj.c..gri~." 0.,,,•.. , __ .,M.e!!Iil!!..e ". ..",_.I. ".. . m~ll~~~qIl~:Il)'.. 1.2Se-03 1.40e-Q4
~P:t.!l!Qr~1;1~_ __ ..•.•".. __ ,.'"~.~"""",.;".~~!fJM.9~9~, ~ _..,<. ~, ••".,"'=,y._"'_'.,";_•....JI.!!~I¥i ,,_..•,~;.••L :;;,~::],,::=D~iii=L:.:,~~~9J~
J:,~~~~~I~~£fQ1i~.'''..".....""_ _ ,_.~~I.I!(J.I1)'..... .•. •..._ .., , . .. ,_, •...• Il:J9flE!I~ec0!1dary ,,),~t:.:03.. .1.~2e-Q.\
~~trl.t;.&ti~ .__ _ _ ._._.~_~~Menic_~,,,~""""'"''"''"__,~'''.''''''''',." '''''''''"'"'1 ",..!!l.qg,eJt§,li£,gll.di!,1'Y..~. _' ',~__._,.~,~__.J.~,~.Qi;

:4.~·~...::·:~:~:.~-~~.==-::==~~~i=~~:~:=:=::~~:~~:·,::,.·~"'~===-~~::~~=.~'."E..<······,-:~··. ~"':J~~;.:~~=:.~=,~
LPG Production. . .' . Nitrous oxide ." . '. . . secondary '. .. . . .... 7.78e~04. 8.71e-OS
~fu~~Qii~~~:·=.-.:::: ..~,.-..··..·:.. ·::~~":·.:.~~:g!!2.~~~~: =:.:=~:==:=~::.~:~~.QL~· ..~~::.~··=.·= .. :,~···•.~···~~:z,iis:Jii:,:.::~~"'j~J
lllt~L~_~ •. __. .._. .]M__,_._._...__ ......_.l • ....-_._...s.e;<:~n.~.. . . ..".• __ ~.;;3..e,-04" .. ., .. ?,:~.Qe~~."
':.r!!~LQiHt411J?:g:_,~ __•.... .~,••~,.y~lY!l-._.~""_,._,~''"',:l.!lI"'"''''' ...~.!l.~_.~_ ..:......~~.;~ .._~.~ ..,~§~~!lt ........;~,~~.;
M.~!t.l?!'L~I!!e_._, ....,' .._ _ ...., ,,~_.!!e~~.;; . ~ .. , .....• " .._¢~_,....._... ,. __ ._.._, ........~ _~&~E:1)4, '" .,..~ ..sJl~;9,.~.
::l~~~~ciil?_gtiQ_._ _.._.~..., ".....»~Jl!1,Q!i.!U!B!L_ .. ..•_~"._""'- ...~.,._."'.m~!L~g!l~!.L ....,_;_..._..:~.'".".-..2J.~.,;;~.,= .•"'M.as&~.;
Nllltwal Gas Prod. Arsenic . secondary 4.96e-04 S.SSe-OS

';~ ._~,., ....-. ~_. ~-•••~ __ -..> .~.-." _;:-:--, '- ..."",••• ~._~,~~O>~ ,,~.~ .,,/-_._.J.,"_':'-'''''-''__~~ ~---;~~.--:-••• __.........."":: .•~l_.__.>,.__ ••• -,'" - ," '."....,_.~.•,..,:..,. _'_""'r ,,'- -"-"." '""'""~,_.,..-.'"~._.,,-,-~, .'--._.~~..,,~._----: .._~,--- ....".'. 'i:"-:'~:-:-:-~:,1

J:J~gf.t~tl!ctlon" ..."._._._.._.,~"_._,.,."_u~I1.Cl!!!§.JyelIo'-Y~~"1"-' _~>..":.._._~dID:L,"O~,c.c."'--=-='-,="''''''';::,'''..AJJ£;.IM-;"~,.a,17s:Q.~~:
.•[a.P!l;I!~c~J~g!~q~<!.;.~"7C..,._ ... -,-_....._...~.P~~~.~~"c~.~_.~. __ .. +_,.,,'_... "" ...._~~~1!s.~_?!!~....~._c ....... · , ~;1~~:Q.4·.·..... ct~-:~"
~.!.!~Q!!!.~~,_~_~~ •.~ ,,§lL~el!~~,=-..._"* .."""''"....,~__~_ ,,~,~.,~;~~,~:,.".•. ,_ ,,'".."4dS.~::2~L •.•:.,;;,i~,~

~~~~~::':~~:.::::~:'==._ ..=:==;:;~xi~===.=.:=.:~=::~:=~- M~~····-.:..=~.·~::=·:::==.=j~~~~:,~.=:=~i~~
.Pucl Oi~ ##4rrpli~ .._ _ _.. ~~~_ .._ _~.~__._.J__.---; ,,_._.s.t:£.Q~~~._.. > ••• c., __ _ ~;~~~;:.Q:4~:- _..~4?.!:.~?
"~C?1.Q~_H4.~~ _ __...••.__ ~,.~§.!!lfjy"_2..x!!!c;§.N'_'~_'__'_'__"'_._""!lJf,"".'~..,..'- _ _ "-..'--. '-'-'".~11£:.~_,,~~

~~gi:~==:~ ..~~~.~~~~::~:~:.~=:~ ...~;~~~~:~~=:.,:::~=:=:.:::,==:;::=:~~~~~=: ..=.,J"==.=~~,,:,~ti~~,,<.·.·.,.::1:1t4k
Pucl OiHl6 Prod.. _.. .._... Vanadium. ..' '.. secondary. 3.67e-Q4 ;;. 4.1Oe-OS

5:iQ~H~~ .. :~, .._"._ _" ..._..._....:.;:=:~rt~~(f~)=-~·_.: ..__,:~~:.=:~=::==:~=:.,:a~~:.,:.::~~;=:"_ ;..,.;~~.",."· ..·.iiQ;;P4'"·;.:':=.i~~~
.;~J1~1~!!.l:l!1._ ., _'''C' ..__._._••~_.•_.~;.!;Il!um'_~_""""" .,,__~==_.,,~r",~ ~ ."._~ec~IJ.~ .._ . ..•.. _~,:S.6.e.:!J:'! ~.?~~O~,.

iM..qgUQ!t..~.E:_,.,__.,_'.4'"~_._ .....,_,-',.._~c ~.ELlJ!!t~,.=~"".,',~;.;._""'='".i,,"ocmi~_,~~ "_,_,..__"'''.,.:.•..•,~~.,.;,"';"~~

:cciliil!=:==:·==.=::::,:::·:=:~::.~i::: ~~9es _=~=:~:- ·-==_,_:-=~~=.~~:,:.:~~ __:,:~~:~,~:~i~~·'==~.:,i~~
~:C;;~~~~.~:~ .·==__~=~.:::~::·::.,i=~~r:==::=·:~:=:,:~~=.:~::::~:~, ~:..~=~==:~.:.;==.;=:;~~::i:~~.,:~~,,,,:~~±
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Natund Gas Prod. Selenium ,..s..ec.<?JJ,,!ary_..... L91e-OS 2.I4e-06

Fuel Qil!H Prod, .1!y.~_!tlo~,!L!!£HL.,_ ..._,,_._. ,,:- ..., ••.,".",~~1!9!.fY_, __ ~. - _,c.",:,~~~"i9.kM~,~,:-lii;.i!ili
US electric:: grid, Fo11llllIcl.ehy'de, , ,m~,ellse~on~ L88e-OS 2.IOe-06

J~l'l!n_~ !?Jec!I!C Gri.ci. ,~::9!lQr,Q:!q\lJ()p_h_e.n()l!e __..._~., .• ,.....,,''".~".,",.m.odel(§:£~Jl.l!!!!Y., ':""'"""'::::'; :'i;".i.i&~Qi_:k;;.,:",:iplsi.1).~
Fuel Oil ##2 Prod. PM secondary. .... '. . "L8Se-OS . . ..' 2.07e-06

.J~p~n,csgle.e:*9rlft .._,J:J,r,<>,rnJl_l!l.e~_~~""~,.,.".,, ·.• ,.,,;.,,;:,:;:1. .,.-••.",_~·eilsSs()~~ .,_ .. ,,~_ ' .LL~.,:;~.,ji~i~Q~.~.,,,~;;~.ul.~96~

~~:~. ~~~~~~~~d~.• ,._..c., .......~.,~:,:.~~'.·~_L._:".,"''''-''=~::,,:=·~.,L~.":"..L.~.,,,=::;:±~:~i:w,J;~~d::
~~\::~. ,:;~;!~~~n.~P.~=_~:,,,' ..,:, ... :_::!"_." ..:_;" ..,.,.",,,:~~~~~(J!1:~.::_ ..;~,._,,~;:,:L:~2,:;,:t~;i~L.,~.D_l~~;:
Natural Gas Prod. Ethane secondary 1.10e-OS 1.23e-06

tdon!to,r/Jll9dJlk. .~M,." .... ,__ ,__ ..,.,:_".."..:,-,:,.;:.d.:;;;.,· •.,..)i;"·"",,,!,-~ri!.~_...._.. ·......:....:.~:., ..~;.,...;.:'"::5~ilisJi.5·~,,2s:~~i
LPQPrtxI':IctionP~'HQ _ .... __ .s.~()n<!ary... L08e-OS L21e-06
lJ'O Production Antimony. ':eC~ncl3ry-", •·.•.,·.':--.',,· ••:,:,.:·,·..·.•·,'.,·,:·.·:l'_:O,:j~,;;;~:::..::.::.2i..,~i~.~~,J.... ,------ '-- " "_ ",."".._ ,~.._._."__",.,.,, -- -- ,_,._ _..,..,.,..__.,.,.., ......;..., __~=_.", ., , ..A __~_ ._ __

~e.tQil~6_~~... " _,,_.., .... !Iy_<!rO£.h.lo_ri~ll~<!-......_._" . ....--.~~!L~~:_ 1.01e·OS 1.13e-06

l~P!I_Il~~.gJ~~gr!~_._ .."...,__,~ .._.. ,. __ ,_~<!~(:l.) ....~, .....,.,,_._.•~,-'_.~l<§££~ry .•.;~.,L" ..:E:...,,,.i~i~ •_",':iQ~
Nll~~ Qas~ro~t. ... ' ... .. __. ....~.e.I!~'!e..... -.--, "._.L._,._:_ •.••__.sec.91JfI~ 9.24e·06 L03e-06
fl1,!eL~Q!11~~.. . ,"'" ,·:,·,::·:.~.:.•;.~j2~;mL~~;~i:;J,]l~;Qii
Pu~LQ.i1.M.l'!e<:I~.. ..~ll:()lI~()'!-L<!e ... ._.J secondary 886e-06 991e-07

, ,,'.="",." ..•""·.~~,'."','~.,.,~·..·p-ri~.,-.·~,..rv-", . __.,. ,.,.:'..',.=,', . ":_,.'...'.-....'".,.,.", .. .- ..·B:8.i,·-,e-.~.. ·~,·.,;,',",.'~:;~·,',-.O.·:88~:07J'''M~.I.!:QI:!~.!1!~,.,_ _._. ..... _._.,,,. ,,_.,.., J;:!JwJP.L1W!..__~."'~c":.,,,;'''',."_,._'_'":,.Cf--,.. _ ._•.. " ""..l", " .. .. __._._,, ~ .~!.,__~,. (,i.......~

.Y~ ~!~t.ric.grill.."" "...".. _ ..__ . __ . __ .-""I.'.!I~spl!~~JY.tll.!~~_2r_w!l!!e):, ... .__ .. _.J!l~...el!.sc:c()ndlll)'_.'" __ 7.6Ie-06 8.5 Ie·07
J~..~n~~~.l!!!?g!!d.. ,__ .. ". ,__..~ ... __.,?,~-'1,.!!:lQ2.tt ....~~,__,~~...:""'_,_,_;.,.~""..~£!t!$Q!!.4i!.ry;, ..• ;., .. :__ •• : __~.::,:.:.~i~7~2[~:;:J~~~~~
L..r9~~__11(:~~~~ .. '.__ .,_. .,_. __~~n~J:"~L " __,....... .__. __~.ec()!1~__aI)', ..6:ntl:Q!i.. ..1~~__~~:92.
;y§~c;,tcs~,E!i~L ..._, ." .._~, ..,~,_,~c "=t:l!!m~~9.~~L " __'.~'"."'''"''~'"""'''L~"''':'''"""",I"",,.!!!B!!ells£l?.2!!~, ...'" _",..~_._. __"",..,.~.:?~ii&~:L';:,~Z3~

~~~~~~.~~.~~~~: •.~.=:.~~:=_==.~:=j~::::::=~,.:~::==:=~=:=~""~~~~= ..._,.__ ._....=.~.=~~~,.J:I~;:h~:z.;~ll~~
~:.~i:~. ··~=.::=.~ ...~~=~~~,,:,,==":.ii:~~_;~~~i!Q;.;~.Yi.J;itet:=:==:..,:.:.~:.,=.=::.~:.~,,~ .. __ ...~c._LC2 ...:·:.==~I·,,,~~ii:~~.z;~:.~.J;~1
I~.~~..:=:~~~ __...__ :=__~_:..·.:::~~:.:~..=:i:~=~~~i::=,=,,::~:2.,;:.:::::,:~:~~~~~. ":~.::::..·....~.::;~~::::d~~:i~~L~~~~~
Fuel Oil #16 Prod. . Nitrous oxide 'secondary 4.94e-06 S.53e-07

~~i~~s.ijQ;~~:=,,~·.~'~.,~_~:.=:=..:=~=,~~~~!iiQ~~~&.~:=:~~--~=,~"~,.=:,::2:==~~,::.:i~~!i.~=::,.,_.,~ .._~-"__",!.~c.;.i""~=,~~;.4i~p&.·~~·;:LE£~QZ.:
~~~~Q~~~=:::=~~,~:.:=:::.·=~:~~:==::i~~~;--:·,~:.:.=: :.-J~=::::,:::~::,.~;:=,::;::::,~:;,:s~~9~~==_~::::=-"~I,~Iii~~~,:~~L~Jji:~£
~~ih;1~~~::::.:-=-:~~:=:,==::.::~~~~ITr=.==,7.:= ..=.-.. :·:=.:~:=:~::::~~~::~=::=::'-:::::::-"~,~~:;·:.L:~~~~~~~:.·::.::JL·Jf~1
_~~~:~-r~:=~:====== ..:::=:=_~;&r::lJ1J}:=:==:: ..=::~:~:::::::~,~.:::,:~~=9i~: ..... _".;•._...:~L.:i~i:t~: :::.:=:::i;~~
;~~~r~I~~=~.='::=:.:-~~:::=~::::.:,::=.~:~~_9!:;bi~i:::~.,.~.:,=_:==":"::=f:i9==:~ .._,~ ...:.L..~.~:.:~::~~~;:"~Jj~
:~=~~~:'.:.:: ..=::.._==.-.::=-~~~===_::~&:=:~_--==:=:_::=.:.:~: ::.._-.:~=-:~_:.~~=Ji~:: .. ::~::::::::='::.:.:~~~~~~~=:::Lj;!11ii~
::g:_~~~=:~--:~==·-=-·.--,=i~~~~:~~~~~:~~=~=:.:=:=· ~=~·--··_,;~::::.·=: ..~~=::::::;~L.~·~~:,=····~;~~ ciL=:.:l;~ili:
~ii:~~~:~~.~~~====···~::~~;~i~~d~::::::::=:,::=:~ ::=:=:::::,~~::::=::L==,=:.::::~:~-,·····.·~~,:~i~i ~:~:;52:i~}~

~~~:~:,---=~===.~.====.~]=;~~~~=-=:.:,,:c~::"~,==·:~~~~~~~:::=.: ..~::I,==:.~~ ..::~~2~~~~~.: ..:~,zd.ii~~~1
~~~~i~~·~:==:==-~=~====~:·---;=:~~:~;:~/: ··---=:..~.~~:===::::=::"~:~:=-:i=~:~~:;:~·.·.:'··==: ...::E::...L..::=.. :;~:.:2;::~~~1~~:::: ..~~2i~i~~~
Japanese Electric Grid Chromium (VI) model/secondary 2.1Se-06 2.40e-07
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~cl~~~~~~.. .~,~,7.>S.:T£P..~,~ I • ..!!1~t:I!~e~()!:1c1ary ~~28e,:oI .. 3.67e:08,
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.~~~QiJ~.2.~~ ._~~ __ '. _. ~~,MQI)'bd~.~u.I!!__ _ ..oo •• _ •• ' • ~~_ .~ .~~()!1~ . 2.·1?~:Q7 ," .' 2.7.8e-08

~~l~ul~_~_.~_. ~ _~~~~'_''''__'_''-_~-"'JU,Mem~.;s~ __ _."" ~n. ,-",~_."""",,,,,,,-1" "~",.,;""_~.,,,~~,,"\\C-,,,,",,",P.!imillY_.",,."".,,,,,. __,",~·,~ ...,~ .."., "_'~~"'"""~>~,""";;\,,,,,,~"",:"~s;,Ri,,,,,~~~?~~;Qi
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LPG Production Aluminum (elemental)· secondary 1.86e-07 2.08e-08
~~"~T:~r--~--"-'---'--:-r--~ ---···-'-,~T,-.~, -~-:......_-~~1"'""1""-'\_;:_c_~---~- .... , .. "'~_....._.,.- .... ~.~. ._ ,_, .. .. ~--~;...--r-.--:-.~-,., -, ---..•••:- .-.- ---.~".-- •.~---.- .. ~.".:'-.~~'" ".. .,-'".•.,... ~_ ..,-.•-.:.~ ':·':···.. -,;·;::;--~;:-'_~ ....-T·':~"

~J:;le Electric.GrI!!.. _. .<~__~. __~_••!2L~lS~!!L.. .,,",,_.•_._ ~~.;•..J1!.2S1~§S9..£!l.c!.il:!Y..... ~_.:.. ••..:.:-'-_._L!l..~~m.~~.,;;kP.6s.-.Q,a,,;
.g:PB!:!!s_n:ifg"" ....~~_. ~_._.__...__ ._~.1'Ji.~.te._~____...__ ...._.. __..__._.. _~_... p'r,!~.,_", .... .. 1~8~e:.QZ __ ",_.?,Q~~-~~
llllpancsc ~tr!.~q!!!! .__~ Is02l!Q!QI!~ • •.~ w_...-. __-"_"""';"."" !!Lqg,ll.V§!iFQ!!da!Y...._._.;_,.....::_......:.:;;~_.h'l1c;:.QL~~s~Q§.;

~ Production ..' Chlorofonn . .... . t . '. secon~ '.. .... . 1.75e-07 .. ' •. 1.95e:08

!EIr;L~H4~===~~=-~~,~==~~lii~~a~~~:~=~:~~=:~~~~~~:~:~~.~u:~=~·:~:~~~~~=~:~=~~~~~~~~~~~~;~~:~~~~i~i~~~J~~~~.~~~~:~~iJ§~
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.~.9J!!4:rrod:~:.=.~~:~=.=~==:==~~:-A!!t!m9,~Y._.~.~="'~:~·~:::===:~~~~_:":==,=~~:~==~.~ ·===:,:l~L_=~·~·······~;·'Il~

.IT~~~~~=::~_==.:==.:~~=~::=~=~:~E~ -=..·..·-:~~~-=:~_:::====q,,~:~~.2-c'.~.=:~;=Hi~::::: :::~;.r~
Natural Gas Prod. 2-ehloroacetophenone secondary 8.80e-08 9.84e-09
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Table M·40. LCD LCIA Results for the Terrestrial Ecotoxicity Impact Category
Proceu Group Material ".LeIDll~Type !elT~tB~'f~~C~!y.."·r(1i~!:i~AA,:;~;::'

, .. (tOle-kg)·< .. .;',., ..... :,,''''''
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Table M·40. LCD LCIA Results for the Terrestrial Ecotoxicity Impact Category

~eJ 9H!~P1"()(J~ __.. Bariulll C:IIlPd~ .s.~~"I!~ 2.08e-09 2.32e-1O

~~.Q!.L#.± ~,.. ._ ., "A.".~ •• J;.QJ9!Qf()rn!... " '.'__.-"", .....,..,.,,,.,.,,,,,,,,,, .;.~~m.dMY. .. L",.._..~,,~jj~~~.: ...:.i,::i.!Oe:;!lt
lfl!~\!l!l!.~lI!~. ._.Pj(~:~ t!t)'!h~~)'l)l'lltllalate ..~~c)ll(I~!"L. 1.84e-09 2.05e-lO

:~eI Q!tJt§J}~!u ~ ~._~.'"~ __' ~"~'_"_~'~." .... ,_. .. "__~~3!i}!ffi£~~-."._~.,_,~,~., ..... ".'.',~,....~. .:!. _;.....~~-.".,~ ..~:">,~!~Q»~_~.:~.:, !~... ;".~ ~;~:~.j~!~~~~Q~L':~:. ~J:~~~~~~i~~:
Fuel Oil #2 Prod. .. s.~9Il4ary 1.81e-09 2.02e-lO

J;.;i~ii~~£i_'_" __'_""'_'~_"4~!t!Y~~e. .._.__ ,__.~=.~.~~~_:~~.:_, _~_.~.,,_,mi!9.ctY1\~~~.,.. . __LLiQ£:!b:~.=,.'".iQi~~ii
fu~I..Q!U#§.I'!:~,..... . J:;~b2Il ..di~l!!.c!e...__ _..~._ '__ i)t:£gll.~... 1.64e-09 1.84e-1O

I~P!n..C§~J~le:£trte._~ ..4..._.. .. ...·_.•_A.£~W.P)1~9.1l.~._ i._....'" ..•"'" ".,m.qp.£!lJ!i£.9~9l!tY-'" _:." .. ,.., .. ~_i:~~Qi',::~·,:Ll~~i~;;
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'Q~..~~_gJj!l " ' _ _.._._._.g!!:Iy.1.~.I!~~llL _.._~ •._..~.••_._.,., ..,~_..!I!!ll1c;lI~e;.g!!!!ID' ,":j:.4~~:Q2. __..•~.Iii~~lQ:
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!J~L~.!!9.Qc!lt __ _ _ , J:}J!l.!!!!l~&.~r_~~....;."~'" .."_ ,.,~,,,,:._'"""" ·-'-.J"!l£~" ..__ ..: 'oO .•..••..:...~~ ••_L.~.£.1~ ;"":~.J.J~lQ.;
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~~~~i-::'====~.:==,:==.~:~:~=~·=[:;;,[~~=.==~~~:=:~'~:=:: ::.. -,=" ..:,,:·:::=:i£;=~='~:·~~~:~~::.:~:~~::::,==:~}i ..."-:~
LPQ..!'r.Q<Il1.c.!i<ll1. .y'iIiY,1.l!ce!Jl.te . . .s~()ndary .' . . .. 952e-X.? .. -:--A~9-2~:~.~,,)
~_proo!!.~!!Q!L. ._.__ ••.,••u. ~1:;M£!!lYE!tolanthrene",_,__",.""_.~"",,,",",, ~pn!JID'..;,.._.._~_,~ ..... ,•.•,-,__,.;";M~!Q..-:..,.;...!.Jll.It;.!Q.

l.'l!t.1!flI1Q~~,. -- c.. --- ,pimeJl!y.I suIfate __ . __..~ ~-.__ .•00 ~~9E:~_ ......_-~:Z.~-lO ._ ~&~c::!L

~Q1L~~ ..ProQ._.._. __.__"..•._ _..._...•~_~J!!liJ!lfiQ~ ••.-.••_~"""_"'__.."»~~iU!MY~.~,, .•....... ,,,.•"....~~.,,~ .....;'-~lLl~~~,IQ. .....=~.~.2:Z2e::ll;i
NIl~~!.qa.s)~~Qd~~ ,.._._..."____oo~op.l!9r~ ~ J. __ _ ..__.s_~~~~ ..-- "'oo.' .oo,.... ,..--c.c--M.2;~W, .,.c....9"'4~~:·!,L
~.~~~!..Q~.~ ....._.......__.__.__..._. __...•_~P..lL(±~L __._ -'-.,...c_..__ "••_,,_.~J.l!!!!l!!Y_ ...__ ~._.c~;""'_.;,..,_ .~...§J.~lQ, ...,~;,'''';i~ll.

fuel Oil...1~4 Prod. "'0- ••.. ._••~.t:t!I)'Lc.!l1Q!ide _...:_., __s~g~~'""." .. ,..,... ..'.''F'';rr~ ..~'·"!,~!::!.Q.•,..' P''"1?,;2~e~.U.
ll!P!~!<:.!?J~frtq.Qr.!~....._.... __ ... ._ ...._.... 2-Meth)'l!!~p.II!hl!le.Il!L .._..:~._._ .._ .._ ..._._, _ •.};I1odellsec~l!!Y__...."_"'"•..._~.~;JJLw ;;.§.,,~4e:ll.:

~iji:~~:.r:~~:.~~~ ..~_·~.=~=~~~~.~.·~~~.=:;~r~:~~~~~;~~:=:~:~.:=.~===~~··,:::=:.::::=::~:~:~::~~::~==:i~l]
~:~.:t~~::~_~: ..:...~.~~.~~=~~~~=::~:=i:~U!I!==.==~=-:.:.~:,:=~-':=~:" ...~~.:=:~~~~~==~:--'~~:~,:::=-'~~~:::.~lff}&--~~±~
Ptl~! 9.iIII2.~, ..__ __ ._ __ ._ !!t:.nz.y.!.chl<J.r!~~.. .. . __~__._ ..__~_.._.....s.~s.~n~_ _ _., ,._~:.~~e.:l() ,-;_7.I-~7.;;:! ..l..
1!:T'I~J!1p.!.9M.~,~~ _•.__ _ _. __Me,Qix,1.!?!l.IYJ.fc;.tQ.I!t; .. _ .•_.._ __•._._.•.A\i.£9Il!!i!!x" _."__ ,~.__._~§.,1'l.~·lQ.. _ __J~~l.ll
l!lp.~es.e J;.lcc~~ Q.tid . _.___ .. ,._ _~.Ee,:.. _..._ .... _ _. ._ . _._~-mqde~~Il.~~!'L........-,-, ... ,_.- ..~-:?~;J"~-",,1'.,J~~t~:,!~ .
N!!!!!!.lQ!!.~: _ _ __~.. "_'!c;,~£!!lQtge.lhy,!~lle_."" .._~ ~,..~.,_ ~"w~~, _·__...:.. . ..:._.....;..~,..•.§;§2!tlQ......;... ..-1i~ll .•

.::gt~~~·.:._.... ·-..= ~~:i~~:;::..I!=~~ ·~=-~:..::..=:..==..:..:..~:~~:.~ =~.= ..= ::=====.~~1iz:..,~~lb
;~~J:.;~~.=do: .._.._.~=:.~·.:=.:·==.:_·:.~~~n~=w ..:·=:=:::~.:..==..~~~=,,:~::=:~:~:~= ..·~:==.: :·~ ...._··=:..iii;1~~==~:=t~~H;
;[~~~~:~ .••~·•.~•.:,;.=~2~:~:=~::~.~:~.~~~~1~::===:::::·:: ..::::.::~:~:~::::~tii;:=~:.::: ..·,=:::.::::~"~ .."1iff~2':=:~Ih
lap~~E~.!r.lc::.c:Jr!4 _ _. _.._._ B_!!..9rant!I.~~ .__ .••.__._.._.. ,_"........7'.- ~~g:Ji~~~~,/"> , ... ~.",.,-.."....~~~.2- ..,,,....,:~.;~e;14
Y.~ ~!I:!£.J!!:A ...,....__ _._.......__.~ _._f!!.~gt, •.~_,~._~.,=,.~._ ..,.'w..._ .....""".,•.••,_, _I!!2S!~,~~ ,__..,._..._...;..c-?:~!!?;lQ, ....,.,":;~.:.(j,L~1J;;

~~.·~li~="··:~"',·. __ .:"··~.,· .•·::,:~-,=:~~:::_==~:=::~: •.·=:=,:=:==i:~~::==~=~=~:.:~~=~.~:1i;~i~~:::z=)f~ib
US ekclric grid Styrene modellsecondaty 5.28e-1O 5.90e-ll
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Table M-40. LCD LCIA Results for the Terrestrial Ecotoxicity Impact Category

~~.IU~GasPn.:?d, ,,'<=:hry~e.n_(l.. s~()Il.cta.rY 8.52e-12 9.52e-13

PO.~.9ij!:?~,.. , . gJJ.1I!~~.I!~ _ _ '-" ~ "",.,""" ,.•,,..~~9,!!,~... ......••:~,'; i,!~~~lZ" "".,·ili~;i.r
F1,J~OilH1.~. 3.::M~y.!cllo.~~~e.ll.e._.•.,," _~(l9().n.~ary 8.12e-12 9.08e-13

l'l'!~t,U:IJ.Q~~. .",I!1~~Q(J,~.?5.(!)P~.I1L.......... ._ .. ~().!!~.. ", ...• :, .. 7,Z7'll,:l6m" .,.:,,~,.~:.~2!l·I~~
.NaluralGas Prod. . Acet()phen.onc: secondary 7.72e-12 8.63e-13

1!I~IQi!ft6J'~0.4, ,MC1,l!!Y.Uet!-P.Il!y~(l,t1I.\:~ ". L , ~_ ••• ~~g!l~ '. "l:§§~:i~ ,~:"j:'$~~.it
N~IUral Gas?rod. .Biphenyl ." sec()l1~ .... .. . 7.40e-12 8.28e-13

~~~.l~l!i£.i1id. .. ..'- ..,~2;1Sy.:Ie.ll.e ". .. . .~. ".~_ J!l$~.!1.Il~S£<:>I1!fary,;_.._."., ..i~i~:iL .c,::~~~.is;;li:
~~lur:atGas~,A<;e.n~Pllt!len.e.~tll:()Il~ary 7.1Oe-12 7.94e-13

I.1'(J J~Q<lII.c:~~"L._... . " . .S,;Mstl1Y!.~!!rY.s..~~_ _.._.. :. . ...._,." ~~9.!!~ ..j., ,.. ; .•• ~~J~(l§£;Ii~.~~,,;,d;i~;!;~
U.S el~lric grid..}3en~()[g,!t.i]p.eryl~n.e.' _ . ..!J.ICJ.<Iellsi:<;(jndary. 6.98e-12 7.81e-13

tI~_cl~yi£8#d . .....'._ , ,..!ll:I1.~[.l!]PY!~.e. _ _ ..,m5!!!l(!I,§,~I}J~.¥Y:.". . p , '~::::.§i~:g,,;;,;";"~J~!~.ajJ
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Table N-l. CRT Lead Inputs by Life-cycle 8ta e
Life-cycle Stage Process Input Quantity Units Type

Materials Processing Aluminum Prod. (all virgin; EB) Lead (Ph, ore) 6.30e-05 kg Ancillary material

Materials Processing Ferrite mfg. (EB) Lead (Pb, ore) 5.70e-08 kg Ancillary material

Materials Processing Invar (DEAM mix) Lead (Pb, ore) 5.84e-08 kg Ancillary material

Materials Processing Lead(EB) Lead (Pb, ore) 4.96e-OI kg Primary material

Materials Processing Polycarbonate Production (PC; DEAM) Lead (Pb, ore) 1.85e-06 kg Ancillary material

Materials Processing Steel Prod., cold-rolled, semi-finished (EB) Lead (Pb, ore) 5.7ge-08 kg Ancillary material

Manufacturing CRT tube mfg. (CDP) Frit 6.67e-02 kg Primary material

Manufacturing CRT glass mfg. (CDP) Lead 4.47e-OI kg Primary material

Manufacturing Frit manufacturing (CDP) Lead 4.67e-02 kg Primary material

Manufacturing CRT monitor assembly (CDP) Printed wiring board (PWB) 8.47e-OI kg Direct to assembly

Manufacturing PWBMfg. Solder (63% tin; 37% lead) 5.08e-02 kg Primary material

Manufacturing CRT monitor assembly (CDP) Solder, unspecified 2.67e-02 kg Direct to assembly

End-of-life CRT Incineration (DEAM mix) EOL CRT Monitor, incinerated 2.20e+01 kg Primary material

End-of-life CRT landfilling (CDP) EOL CRT Monitor, landfilled 1.56e+Ol kg Primary material

End-of-life CRT Recycling (CDP) EOL CRT Monitor, recycled 2.42e+OO kg Primary material

_..- - -



Table N-2. LCD Lead Inputs by Life-cycle Stage
Ure-cycle Stage PrG<:ess Input Quantity UD.tts Type

Materials Processing AlutninumProd. (all virgin; EB) Lead (Pb, ore) 2.35e-OS kg Anci11:uy material

Materials Processing PErResin Production (DEAM) Lead (Ph, ore) 1.82e-07 kg Anci11:uy material

Materials Processing Polycarbonate Production (PC; DEAM) Le<td (Pb, ore) 1.03e-06 kg Ancillary material

Materials Processing Steel Prod., cold-rolled, semi-finished (EB) Le<td (pb, ore) 284e.Q8 kg Ancill:uy material

Manufacturing LCD module mfg. (CDP) Printed wiring board (PWB) 2.27e-02 kg Direct to assembly

Manufacturing LCD monitor assembly (CDP) Printed wiring board (PWB) 3.SIe-01 kg Direct to assembly

Manufacturing LCD monitor assembly (CDP) Solder (60% tin, 40% lead) 3.8Ie-02 kg Primary material

Manufacturing PWBMfg. Solder (63% tin; 37% lead) 2.24e-02 kg Primary material

Manufacturing LCD module mfg. (COP) Solder, unspecified 7.3Se-OS kg Ancillary material

End-of-life LCD incineration (DEAM mix) EOL LCD Monitor, incinerated 650e+OO kg Primary material

End-of-life LCD landfilling (COP) EOL LCD Monitor, landfilled 3.S7e+OO kg Primary material

End-of-life LCD recycling (CDP) EOL LCD Monitor, recycled 9.7Se-01 kg Primary material



Table N-3. CRT Lead Outnuts bv 1 ife-cvcle Sta~e
Life-Cycle Stage Process Output Quantity Units Type Disposition

Materials Processing ABS Production (DEAM) Lead 2.l2e-07 kg Airborne air

Materials Processing Aluminum ,Prod. (all virgin; EB) Lead 1.20e-06 kg Airborne air

Materials Processing Aluminum Prod. (all virgin; EB) Lead 1.45e-08 kg Solid waste landfill

Materials Processing Aluminum Prod. (all virgin; EB) Leadcmpds 8.72e-06 kg Waterborne surface water

Materials Processing Ferrite mfg. (EB) Lead 3.46e-05 kg Airborne air

Materials Processing Ferrite mfg. (EB) Lead 1.70e-1O kg Solid waste landfill

Materials Processing Ferrite mfg. (EB) Leadcmpds 5.lge-07 kg Waterborne surface water

Materials Processing Ferrite mfg. (EB) Lead-210 (isotope) 1.82e·01 Bq Radioactivity air

Materials Processing !nvar (OBAM mix) , Lead 3.62e-05 kg AirbOrne air

Materials Processing !nvar (OEAM mix) Lead 5.49e-09 kg Solid waste landfill

Materials Processing !nvar (DEAM mix) Leadcmpds 2.98e·06 kg Waterborne surface water

Materials Processing !nvar (OBAM mix) Lead-210 (isotope) 1.87e·01 Bq Radioactivity air

Materials Processing Lead(EB) Lead l.58e-03 kg Airborne air

Materials Processing Lead(EB) Lead 2.72e-09 kg Solid waste landfill

Materials Processing Lead (BB) Leadcmpds 2.75e-06 kg Waterborne surface water

Materials Processing Polycarbonate Production (PC; OBAM~ Lead 4.62e-07 kg Airborne air

Materials Processing Steel Prod., cold-rolled, semi-finished (EB) Lead l.10e-06 kg Airborne air

Materials Processing Steel Prod., cold-rolled, semi-finished (EB) Lead 1.02e-11 kg Solid waste landfill

Materials Processing Steel Prod., cold-rolled, semi-finished (EB) Leadcrnpds 8.83e-07 kg Waterborne surface.water

Materials Processing Steel Prod., cold-rolled, semi-finished (EB) Lead-210 (isotope) 6.54e-01 Bq Radioactivity , air

Materials Processing Stvrene-butadiene CODolvmer Prod. (DEAM mix) Lead 2.07e-07 kg Airborne air
Manufacturing CRT glass mfg. (COP) Broken CRT glass 1.88e-03 kg Hazardous waste landfill

Manufacturing CRT glass mfg. (COP) cinders from CRT glass mfg (70% PbO) 8.26e-03 kg Hazardous waste landfill

Manufacturing CRT glass mfg. (COP) CRT glass faceplate BP dust (Pb) (0008 waste) 1.03e-03 kg Hazardous waste landfill

Manufacturing CRT glass mfg. (COP) CRT glass funnel EP dust (Ph) (0008 waste) 5.0Ie-03 kg Hazardous waste recycling/reuse

Manufacturing CRT glass mfg. (COP) Hazardous sludge (Pb) (0008) 1.52e-03 kg Hazardous waste landfill

Manufacturing CRT.glass mfg. (COP) Lead 3.22e-07 kg Airborne air

Manufacturing CRT glass mfg. (COP) Lead 4.34e·05 kg Waterborne surface water

Manufacturing CRT glass mfg. (COP) Lead contaminated grit (0008 waste) 3.46e-05 kg Hazardous waste landfill

Manufacturing CRT glass mfg. (COP) Lead debris (0008 waste) 2.l4e-04 kg Hazardous waste landfill
I



Table N-3. CRT Lead Outnuts bv I ife-cvcle Stal!e
Lite-Cycle Stage Process Output Quantity Units Type DtspositiCilD

Manufacturing CRT glass mfg. (COP) sludge from CRT glass mfg (1% PbO) 8.78e-04 kg Hazardous waste landfill

Manufacturing CRT glass mfg. (COP) Waste Balch (Bat Pb) (0008 waste) 1.41e003 kg Hazardous waste landfill

Manufacturing CRT glass mfg. (COP) Waste finishing sludge (Pb) (0008 waste) 2.56e-04 kg Hazardous waste landfill

Manufacturing CRT monitor assembly (COP) Broken CRTglass 3.82e001 kg Solid waste recyclingfreuse

Manufacturing CRT monitor assembly (COP) Printed wiring board (PWB) 3.70e-02 kg Solid waste recyclingfreuse

Manufacturing CRT tube mfg. (COP) Broken CRT glass 6.94e-01 kg Solid waste recyclingfreuse

Manufacturing CRT tube mfg. (COP) Frit 2.9ge-03 kg Hazardous waste landfill

Manufacturing CRT tube mfg. (COP) Lead 3.0Ie-06 kg Waterborne surface water

Manufacturing CRT tube mfg. (COP) Lead 1.03e-06 kg Waterborne treatment

ManUfacturing CRT tube mfg. (COP) Lead sulfate cake 2.67eoOS kg Hazardous waste landfill

Manufacturing Fritmanufacturing(COP) Lead 3.20e-1O kg Airborne air

Manufacturing Fuel Oil #2 Prod. (DEAM) Lead 3.88e-08 kg Airborne air

Manufacturing Fuel Oil #2 Prod. (DEAM) Leadcmpds 3.28e-12 kg Waterborne surface water

Manufacturing Fuel Oil #4 Prod. (DEAM mix) Lead 4.14e-09 kg Airborne air

Manufacturing Fuel Oil #4 Prod. (DEAM mix) Leadcmpds 2.66e-13 kg Waterborne surface water

Manufacturing Fuel Oil #6 Prod. (DEAM) Lead 9.9ge008 kg Airborne air

Manufacturing Fuel Oil #6 Prod. (DEAM) Leadcmpds 3.9Se-12 kg Waterborne surface water

Manufacturing Japanese Electric Grid Lead (pb, ore) 4.4le-07 kg Airborne air

Manufacturing LPG Production (DEAM) Lead 1.24eOOS kg Airborne air

Manufacturing LPG Production (DEAM) Leadcmpds 1.17e-09 kg Waterborne surface water

Manufacturing Natural Gas Prod. (DEAM) Lead 2.17e-08 kg Airborne air

Manufacturing Natural Gas Prod. (DEAM) Leadcmpds 2.36e-14 kg Waterborne surface water

Manufacturing PWBMfg. Leadcmpds 1.62e-oS kg Waterborne treatment

Manufacturing f'WBMfg. f'w13-Solder dross 6.70e-0Z kg Hazardous waste recyclingfreuse - -

Manufacturing US electric grid Lead 2.04e-07 kg Airborne air

Use CRT monitor use (COP) EOL CRT Monitor, landfilled 1.0le+OI kg Hazardous waste treatment

Use CRT monitor use (COP) EOLCRTMonito4 landfilled 2.12e+Ol kg Solid waste treatment

Use CRT monitor use (CDP) EeL CRT Monitor, recycled 2.42e+OO kg Solid waste treatment

Use CRT monitor use (COP) EOL CRT Monitor, remanufactured 6.60e001 kg Solid waste recyclingfreuse

Use US electric grid Lead 1.28e-OS kg Airborne air
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Table N-3. CRT Lead Outnuts bv Life-cvcle Sta!!e
Life-Cycle Stage Process Output Quantity Units Type Disposition

End-Qf-life CRT Incineration (DEAM mix) Lead 1.43e-05 kg Airborne air

End-Qf-life CRT Incineration (DEAM mix) Leadcmpds 8.lle-IO kg Waterborne surface water

End-Qf-life CRT Iandfilling (COP) EOL CRT Monitor, landfilled 3.91e+OO kg Solid waste landfill

End-of-life CRT iandfilling (COP) Leadcmpds 7.90e-1O kg Waterborne surface water

End-of-life CRT Recycling (CDP) Printed wiring board (PWB) l.46e-OI kg Hazardous waste recycling/reuse

End-of-life Fuel Oil #4 Prod. (DEAM mix) Lead -4.45e-08 kg Airborne air

End-Qf-life Fuel Oil #4 Prod. (DEAM mix) Leadcrnpds -2.86e-12 kg Waterborne surface water

End-Qf-life LPG Production (DEAM) Lead l.07e-1O kg Airborne air

End-Qf-life . LPG Production (DEAM) Leadcmpds l.Ole-14 kg Waterborne surface water

End-of-life Natural Gas Prod. (DEAM) Lead -1.0ge-08 kg Airborne air

End-Qf-life Natural Gas Prod. (DEAM) - Leadcmpds -1.18e-14 kg Waterborne surface water

End-Qf-life US electric grid Lead 1.28e-09 kg Airborne air
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Table N-4. I CD Lead Ontouts bv I ife-cvcle Sta.l!e
Lile-cyde Sblge PnK:ess Output Quntlty UnIts Type DlsposlUon

Materials Processing A1l1Dlinum Prod. (all virgin; EB) Lead 4.47<:-07 kg Airllome air

MateriaIs Processing A111JI1iinllD1 Prod. (all virgin; EB) Lead 5.41e-09 kg Solid waste landfill

Materials Processing Aluminum Prod. (all virgin; EB) Leadcmpds 3.2Sc-06 kg Walelbome surface water

Materials Processing Natural Gas Prod. (DEAM) Lead I.S1e-()6 kg Airbome air

Materials Processing Natural Gas Prod. (DBAM) Leadcmpds 1.65<:-12 kg Walelbome surface water

Materials Processing PET Resin Production (DEAM) Lead 9.08e-08 kg Airborne air

Materials Processing PMMA Sheet Prod. (DEAM) Lead 1.92e-07 kg Airborne air

Materials Processing Polycarbonate Production (PC; DEAM) Lead 2.58e-07 kg Airborne air

Materials Processing Steel Prod., cold-rolled, semi-finished (EB) Lead 5.40e-07 kg Airborne air

Materials Processing Steel Prod., cold-rolled, semi-finished (EB) Lead 4.98e-12 kg Solid waste landfill

Materials Processing Steel Prod, cold-rolled, semi-finished (EB) Leadcmpds 4.33e-07 kg Waterborne surface water

Materials Processing Steel Prod., cold-rolled, semi-finished (EB) Lead-210 (isotope) 3.21e-Ol Bq Radioactivity air

Materials Processing Styrene-butadiene Copolymer Prod. (DEAM mix) Lead 9.04e-08 kg Airborne air

Manufacturing Fuel Oil#2 Prod. (DBAM) ..._. - - Lead -1.81e-09 kg Airborne· - air

Maoufacturing Fuel Oil #2 Prod. (DEAM) Leadcmpds 1.53e-13 kg Waterborne surface water

Maoufacturing Fuel Oil #4 Prod. (DEAM mix) Leild 6.38e-09 kg Airborne air

Maoufacturing Fuel Oil #4 Prod. (DEAM mix) Leadcmpds 4.10e-13 kg Waterborne surface water

Maoufacturing Fuel Oil #6 Prod. (DEAM) Lead 3.4Oe-09 kg Airborne air

Maoufacturing Fuel Oil #6 Prod. (DEAM) Leadcmpds 1.34e-13 kg Waterborne surface water

Maoufacturing Japaoese Electric Grid Lead (Ph, ore) 1.48e-06 kg Airborne air

Maoufacturing LCD backlight unit assembly (COP) Waste CCFL, with lead 8.17e-08 kg Hazardous waste treatment

Maoufacturing LCD CCfL mfg. (COP) Lead 8.33e-07 kg Waterborne treatment

Maoufacturing LCD glass mfg. (COP) Lead 2.01e-06 kg Waterborne surface water

Manufacturing LCD glass mfg. (COP) Waste Batch (Ba, Ph) (D008 waste) 6.55e-05 kg Hazardous waste landfill

Maoufacturing LCD module mfg. (CDP) Lead 6.17e-Q6 kg Waterborne surface water

Maoufacturing LCD monitor assembly (CDP) Printed wiring board (PWB) 7.50e-03 kg Solid waste landfill

Maoufacturing LPG Production (DBAM) Lead 5.93e-07 kg Airborne air

M.aoufacturing LPG Production (DBAM) Leadcmpds 5.6Oe-ll kg Waterborne surface water

Manufacturing Natural Gas Prod. (DBAM) Lead 3.42e-08 kg Airborne air

Maoufacturing Natural Gas Prod. (DEAM) Leadcmpds 3.72e-14 kg Waterborne surface water



Table N-4. LCD Lead Outnuts bv Life-cvcle Sta!!e
Life-cycle Stage Process Output Quantity Units Type Disposition

Manufacturing PWBMfg. Leadcmpds 7.14e-06 kg Waterborne treatment

Manufacturing PWBMfg. PWB-Lead contaminated waste oil 5.14e-03 kg Hazardous waste treatment

Manufacturing PWBMfg. PWB-Solder dross 2.900-02 kg Hazardous waste recycling/reuse

Manufacturing US electric grid Lead 2.47e-08 kg Airborne air

Use LCD monitor use (COP) EOL LCD Monitor, incinerated 9.75e-Ol kg Solid waste treatment

Use LCD monitor use (COP) EOL LCD Monitor, Iandfilled 3.25e-0l kg Hazardous waste treatment

Use LCD monitor use (COP) EOL LCD Monitor, landfilled 6.82e+OO kg Solid waste treatment

Use LCD monitor use (COP) EOL LCD Monitor, recycled 9.75e-Ol kg Solid waste treatment

Use LCD monitor use (COP) EOL LCD Monitor, remanufactuted 9.75e-0l kg Solid waste recycling/reuse

Use US electric grid Lead 4.76e-06 kg Airborne air

End-of-life Fuel Oil #4 Prod. (DEAM mix) , Lead -2.90e-08 kg Airborne air

End-of-life Fuel Oil #4 Prod. (DEAM mix) Leadcmpds -1.9Oe-12 kg Waterborne surface water

End-of-life LCD incineration (DEAM mix) Lead 4.80e-06 kg Airborne air",

End-of-life LCD incineration (DEAM mix) '/ Leadcmpds 2.Sge-1O kg , Waterborne surface water

End-of-life LCD Iandfilling (COP) EOL LCD Monitor, Iandfilled 8.94e-OI kg Solid waste landfill

End-of-life LCD Iandfilling (COP) EOL LCD Monitor, landfilled 1.64e+OO kg Hazardous waste landfill

End-of-life LCD Iandfilling (COP) Leadcmpds 2.40e-10 kg Waterborne surface water

End-of-life LPG Production (DEAM) Lead 4.87e-ll kg Airborne air

End-of-life LPG Production (DEAM) Leadcmpds 4.60e-15 kg Waterborne surface water

End-of-life Natural Gas Prod. (DEAM) Lead -7.20e-09 kg Airborne air

End-of-life Natural Gas Prod. (OEAM) Leadcmpds -7.80e-15 kg Waterborne surface water

End-of-life US electric grid Lead 9.03e-IO kg Airborne air

,
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Table N-5. Cl T Life-Cvcle Imoacts Scores from Lead-based Materials
. Lile-qcle Process mputiOutput Impact /kares by Category

Stage
Noorenew. Haz. Waste Rad ChrTox- ChrTox-oec Aq.ToL Terr.ToL

pub

MP ABS Production (DEAM) Lead 4.24e-07 2.I2e-07

MP Aluminum Prod. (all virgin; EB) Lead 2.4Oe-06 1.20e-06

MP Ferrite mfg. (EB) Lead 6.9ZC-QS 3.46e-QS

MP Jnvar (DEAM mix) Lead 7.24e·OS 3.6ZC-QS

MP Lead (EB)' Lead 3.l6e-Q3 l.SSe·03

MP Polycarbonate Production (PC; DEAM) Lead 9.23e-Q7 4.62e-07

MP Steel Prod., cold-rolled, semi-finished (EB) Lead 2.2Oe-06 1.10e·06

MP Styrene-butadiene Copolymer Prod. (DEAM Lead 4.l4e-Q7 2.07e-Q7

MP Aluminum Prod. (all virgin; EB) Lead (Ph, ore) 6.30e-OS

MP Ferrite mfg. (ED) Lead (Ph, are) 5.70e-OS

MP Jnvar (DEAM mix) Lead (Ph, are) 5.84e-08

MP Lead(EB) Lead (Ph, are) 4.96e-QI

MP ...- PolyC1U'bomite Production (PC; DEAMf .- 1- Lead (Ph, are) - 1.85e-06
.'

MP Steel Prod., cold-rolled, semi-finished (ED) Lead (Ph, are) S.7ge-QS

MP Aluminum Prod. (all virgin; ED) Leadcmpds 1.74e-05 1.70e-04 S.72e-06

MP Ferrite mfg. (EB) Leadcmpds 1.04e-06 I.00e-05 5.Ige-07

MP Jnvar (DEAM mix) Leadcmpds 5.96e-06 5.90e-Q5 2.9Se-06

MP Lead(EB) Leadcmpds 5.SOe-06 5.40e-QS 2.75e-06

MP Steel Prod., cold-rolled, semi-finished (EB) Leadcmpds I.77e-06 1.70e-QS S.S3e-07

MP I1errite mfg. (ED) Lead-2IO (isotope) I.SZc-OI

MP Invar (DEAM mix)
. Lead-210 (isotope) 1.87e-0I

MP Steel Prod., cold-rolled, semi-finisli"..d (EB) Lead-2!0 (isotope) 6.54e-Cl

Manufacturing CRT glass mfg. (COP) Broken CRT glass 6.2Zc-Q7

Manufacturing CRT glass mfg. (COP) cinders from CRT glass mfg 6.8Se-06
nO%PbO)

Manufacturing CRT glass mfg. (CDP) CRT glass faceplate EP dust 2.l5e-06
\ (Ph) (l)()()8 waste)

Manufacturing CRT tube mfg. (CDP) Frit 3.04e-06

Manufacturing CRT glass mfg. (CDP) Hazardous sludge (Ph) 1.38e-06

Manufacturing CRT glass mfg. (CDP) Lead 4.47e-QI I, 8.74e-QS 8.9Se-01 8.70e-OS 4. 37e-QS



Table N-5. CRT Life-Cvcle Imnacts Scores from Lead-based Materials
Life-cycle Process InpuUOutput Impact Scores by Category
Stage

Nonrenew. Haz. Waste Rad ChrTox- ChrTox-occ Aq. Tox. Terr. Tox.
Dub

Manufacturing CRT tube mfg. (COP) Lead 6.03e-06 6.00e-06 3.01e-06

Manufacturing Frit nmnufucturing (COP) Lead 4.67e-02 6.40e-1O 9.33e-02 3.20e-lO

Manufacturing Fuel Oil #2 Prod. (DEAM) Lead 7.76e-08 3.88e-08

Manufacturing Fuel Oil #4 Prod. (DEAM mix) Lead 8.28e-09 4.l4e-09

Manufacturing Fuel Oil #6 Prod. (DEAM) Lead 2.00e-07 9.9ge-08

Manufacturing LPG Production (DEAM) Lead 2.47e-05 1.24e-05

Manufacturing Natural Gas Prod. (OEAM) Lead 4.33e-08 2.l7e-08

Manufacturing US electric grid Lead 4.07e-07 2.04e-07

Manufacturing Fuel Oil #2 Prod. (DEAM) Leadcmpds 6.55e-12 6.50e-ll 3.27e-12

Manufacturing Fuel Oil #4 Prod. (OEAM mix) Leadcmpds 5.32e-13 5.2E-

Manufacturing Fuel Oil #6 Prod. (OEAM) Leadcmpds 7.8ge-12 7.80e-ll 3.95e-12

Manufacturing LPG Production (DEAM) Leadcmpds 2.33e-09 2.30e-08 1.17e-09

Manufucturing Natural Gas Prod. (DEAM) Leadcmpds 4.72e-14 4.60e-13 2.36e-14

Manufucturing CRT glass mfg. (COP) l Lead contaminated grit 2.9ge-09
(0008 waste)

Manufacturing CRT glass mfg. (COP) Lead debris (0008 waste) l.85e-08

Manufacturing CRT tube mfg. (COP) Lead sulfate cake 3.03e-08

Manufacturing CRr glass mfg. (COP) sludge from CRT glass mfg 6.45e-07
(1%PbO)

Manufacturing CRT glass mfg. (COP) Waste Batch (Ba, Pb) (0008 l.22e-07
waste)

Manufacturing CRT glass mfg. (COP) Waste finishing sludge (Pb) 2.32e-07
(0008 waste)

Use US electric grid Lead 2.55e-05 1.27e-05

End-of-life CRT Incineration (DEAM mix) Lead 2.86e-05 l.43e-05

End-of-life Fuel Oil #4 Prod. (OEAM mix) Lead -8.90e-08 -4.40e-08

End-of-life LPG Production (DEAM) Lead 2.13e-1O I.07e-1O

End-of-life Natural Gas Prod. (DEAM) Lead -2.17e-08 -1.10e-08

End-of-life US electric grid Lead 2.55e-09 1.28e-09

End-of-life CRT Incineration (DEAM mix) Leadcmpds 1.62e-09 l.60e-08 8.10e-IO

End-of-life CRT landfilling (COP) Leadcmpds 1.58e-09 l.6Oe-08 7.8ge-lO
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Tabl'e N-S. CRT Life-Cvcle Irnnacts SCQres from Lead-based Materials
Llte-c:ycle Process InpuUOutput Impact SCO'fCS by ClltegCl'ry
Stage

Nonrenew. Haz. Waste Rad ChrTox- ChrTox-occ Aq.Tox. Terr. Tax.
pub

End-of-lifc Fuel Oil #4 Prod. (DBAM mix) Leadcmpds -5.72e-12 -5.60<:-11 -2.90e-12

Eod-ot'-life LPG Production (DBAM) Leadcmpds 2.0Ie-14 2.00e-13 1.01e-14

Eod-of-life Natural Gas Prod. (DBAM) Leadcmpds -2.37e-14 -2.30e-13 -1.2Oe-14
MP =Materials processing.
Blank = not applicable.
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Table N-6. LCD l ife-Cvcle Imnact Scores from Lead-based Materials
Life-cycle Stage Process Input/Output Impact Scores by Category

Nonrenew Haz. Waste Solid Waste Rad ChrTox- Aq. Tox. Terr. Tox.
pub

MP Aluminum Prod. (all virgin; EB) Lead 8.94e-07 4.47e-Q7

MP Natural Gas Prod. (DEAM) Lead 3.03e-06 1.51e-06

MP PET Resin Production (DEAM) Lead 1.82e-07 9.08e-08

MP PMMA Sheet Prod. (DEAM) Lead 3.83e-07 1.92e-07

MP Polycarbonate Production (PC; DEAM) Lead 5.100-07 2.58e-07

MP Steel Prod., cold-rolled, semi-finished (EB) Lead 1.08e-06 5.40e-07

MP Stvrene-butadieneCoDolvmerProd. (DEAM mix) Lead 1.8Ie-07 9.04e-08

MP Aluminum Prod. (all virgin; EB) Lead (pb, ore) 2.35e-05

MP PET Resin Production (DEAM) Lead (pb, ore) 1.82e-07

MP Polycarbonate Production (PC; DEAM) Lead (Ph, ore) 1.03e-06

MP Steel Prod., cold-rolled, semi-finished (EB) Lead (pb, ore) 2.84e-08

MP Aluminum Prod. (all virgin; EB) Leadcmpds 6.4ge-06 MOe-05 3.25e-06

MP Natural Gas Prod. (DEAM) Leadcmpds 3.30e-12 3.25e-ll 1.65e-12

MP Steel Prod., cold-rolled, semi-finished (EB) Leadcmpds 8.65e-07 8.52e-06 4.33e-07

MP Steel Prod., cold-rolled, semi-finished (EB) Lead-210 (isotope) 3.2Ie-01

Manufacturing Fuel Oil #2 Prod. (DEAM) Lead 3.62e-09 1.81e-09

Manufacturing Fuel Oil #4 Prod. (DEAM mix) Lead 1.28e-08 6.3Se-09

Manufacturing Fuel Oil #6 Prod. (DEAM) Lead 6.80e-09 3.40e-09

Mimuf~cturing LCD glass mfg. (CDP) Lead -_. - ,-- 4.02e-06 -4.02e-06 ' 2.Ole-06

Manufacturing LCD module mfg. (CDP) Lead 1.23e-05 1.23e-05 6.l7e-06

Manufacturing LPG Production (DEAM) Lead 1.1ge-06 5.93e-07

Manufacturing Natural Gas Prod. (DEAM) Lead 6.S3e-OS 3.42e-QS

Manufacturing US electric grid Lead 4.94e-OS 2.47e-08

Manufacturing Fuel Oil #2 Prod. (DEAM) Leadcmpds 3.06e-13 3.0Ie-12 1.53e-13

Manufacturing Fuel Oil #4 Prod. (DEAM mix) Leadcmpds 8.20e-13 8.08e-12 4.10e-13

Manufacturing Fuel Oil #6 Prod. (DEAM) Leadcmpds 2.6ge-13 2.65e-12 l.34e-13

Manufacturing LPG Production (DEAM) Leadcmpds 1.12e-1O l.l0e-09 5.60e-ll

Manufacturing Natural Gas Prod. (DRAM) Leadcmpds , 7.44e-14 7.33e-13 3.72e-14

Manufacturing LCD monitor assembly (CDP) Printed wiring board 9.38e-06

>
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Table N-6. LCl» Life-Cvcle ImoB-ct Scores from Lead-based Material~
Llte-cycle Stage Process InpuUOutput Impact Seo,res by Catego,ry

Nonrenew Un Waste SoUdWaste Rad ChrTox- Aq.Tox. Terr. Tax.
Dub

Manufacturing LCD glass mfg. (COP) Waste batch (Ba. Pb) S.67e-09
ID008 waste)

Use US electric grid Lead 9.S2e·06 4.76e-06

End-ofUfe Fuel Oil #4 Prod. (DEAM mix) Lead -S.88e-08 -2.94e-08

End-ofUfe LCD incineration (DEAM mix) Lead 9.60e-06 4.80e-06

'End-ofUfe LPG Production (DBAM) Lead 9.74e-I1 4.87e-1I

End-ofLife Natural Gas Prod. (DEAM) Lead -1.43e-08 -7.17e-09

End-of Life US electric grid Lead 1.81e-09 9.03e-l0

End-ofUfe Fuel Oil #4 Prod. (DEAM mix) Leadcmpds -3.78e-12 -3.72e-ll -1.8ge-12

End-ofUfe LCD incineration (DEAM mix) Leadcmpds S.lge-l0 S.l1e-Q9 2.Sge-IO

End-ofUfe LCD landfilling (COP) Leadcmpds 4.80e-l0 4.73e-09 2.40e-l0

End-of Life LPG Production (DEAM) Leadcmpds 9.l9e-15 9.06e-14 4.60e-15

End-ofUfe Natural Gas Prod. (DEAM) Leadcmpds -1.S6e-14 -1.S4e-13 -7.81e-IS

MP =Materials processing. -"

Blank =not applicable.



Table N-7. LCD Mercury Inputs by Life-cycle Sta2e
Life-cycle Stage Process Input Quantity Units Type

Manufacturing LCO CCFL mfg. (COP) Mercury 3.9ge-06 kg Primary material

Manufacturing LCO backlight unit assembly (COP) Backlight lamp (CCFL) 1.94e-03 kg Direct to assembly

~



Table N-8. CRT Mereurv Outnut't bv Life-cvcle StafJe
LIre-cycle Stage Process Output Qumtlty UJJl'ts Type Dfspesiticm

Materials Processing ABS Production (DEAM) Mercwy 2.l2e.Q7 kg Airborne air

Materials Processing ABS Production (DEAM) Mercwy compounds 2.l2e.Q7 kg Waterborne surface water

Materials Processing Aluminum Prod. (all virgin; ED) Mercwy 2.02e-07 kg Airborne air

Materials Processing Aluminum Prod. (all virgin; ED) Mercwy S.93e-ll kg Solid waste landfill

Materials Processing Ferrite mfg. (ED) Mercwy 1.62e-07 kg Airborne air

Materials Processing Ferrite mfg. (ED) Mercwy l.lle-12 kg Solid waste landfill

Materials Processing Ferrite mfg. (EB) Mercwy compounds l.03e-1O kg Waterborne surface water

Materials Processing !nyar (DEAM mix) Mercwy 2.12e.Q7 kg Airborne air

Materials Processing !nyar (DEAM mix) Mercwy 3.3ge-ll kg Solid waste \ landfill

Materials Processing !nyar (DEAM mix) Mercwy compounds l.06e-lO kg Waterborne surface water

Materials Processing Lead (ED) Mercwy 1.5le-06 kg Airborne air

Materials Processing Lead (EB) Mercwy 1.72e-ll kg Solid waste landfill

Materials Processing Lead (ED) Mercwy compounds 1.50e-09 kg Waterborne surface water.
Materials Processing Polycarbonate Production (PC; DEAM) Mercwy 4.62e-07 kg Airborne air

Materials Processing Polycarbonate Production (PC; DEAM) - Mercwy compounds' 4.62e.Q7 kg Waterborne surface water

Materials Processing Steel Prod., cold-rolled, semi-finished (ED) Mercwy 3.26e-OS kg Airborne air

Materials Processing Steel Prod., cold-rolled, semi-finished (EB) Mercwy S.26e-14 kg Solid waste landfill

Materials Processing Steel Prod., cold-rolled, semi-finished (ED) M~ compounds 8.58e-08 kg Waterborne surface water

Materials Processing Styrene-butadiene Copolymer Prod. (DEAM mix) Mercwy 2.07e.Q7 kg Airborne air

Materials Processing Styrene-butadiene Copolymer Prod. (DEAM mix) Mercwy compounds 2.07e-07 kg Waterborne surface wale):

Manufacturing Fuel Oil #2 Prod. (DEAM) Mercwy 2.72e-09 kg Airborne air

Manufacturing Fuel Oil #2 Prod. (DEAM) Mercwy compounds 3.77e-15 kg Waterborne surface water

Manufacturing Fuel Oil #4 Prod. (DEAM mix) Mercwy 2.89e-IO kg Airborne air

Manufacturing Fuel Oil #4 Prod. (DEt1l'o! mix) Mercwy compounds 3.06e-i6 kg Waterborne surface water

Manufacturing Fuel Oil #6 Prod. (DEAM) Mercwy 6.94e-09 kg Airborne air

Manufacturing Fuel Oil #6 Prod. (DEAM) Mercwy compounds 4.54e-15 kg Waterborne surface water

Manufacturing Japanese Electric Grid Mercwy l.lSe.Q7 kg Airborne air

Manufacturing LPG Production (DEAM) Mercwy 8.6ge-07 kg ft.irbome air

Manufacturing LPG Production (DEAM) Mercwy compounds 1.34e-12 kg Waterborne surface water

Manufacturing Natural Gas Prod. (DEAM) Mercwy 1.88e-09 kg Airborne air



Table N-8. CRT Mercurv Outnuts bv Life-cvcle Sta!!e
Life-cycle Stage Process Output Quantity Units Type Disposition

Manufacturing Natural Gas Prod. (DBAM) Mercury compounds 2.71e-17 kg Waterborne surface water

Manufacturing US electric grid Mercury 1.20e-07 kg Airborne air

Use US electric grid Mercury 7.51e-06 kg Airborne air

End-of-Iife CRT Incineration (DBAM mix) Mercury -1.l2e-07 kg Airborne air

Bnd-of-Iife CRT Incineration (DEAM mix) Mercury compoun.ds 2.15e-ll kg Waterborne surface water

End-of-Iife CRT Iandfilling (COP) Mercury compounds 2.1ge~1l kg Waterborne surface water

End-of-Iife Fuel Oil #4 Prod. (DBAM mix) Mercury -3.11e-09 kg Airborne air

End-of-Iife Fuel Oil #4 Prod. (DBAM mix) I Mercury compounds -3.2%-15 kg Waterborne surface water

End-of-Iife LPG Production (DBAM) Mercury 7.50e-12 kg Airborne air

End-of-Iife LPG Production (DEAM) Mercury compounds 1.16e-17 kg Waterborne surface water

End-of-Iife Natural Gas Prod. (DEAM) Mercury -9.44e-1O kg Airborne air

End-of-Iife Natural Gas Prod. (DEAM) Mercury compounds -1.36e-17 kg Waterborne surface water , ,

Bnd-of-Iife US electric grid Mercury 7.52e-IO kg Airborne air



Table N-9. LCD Mercu.rv Outnuts bv Life-cvcle Stage
LICe-Cycle Stage Process Output QWUltity Units Type DispoSitiOD

MP AlumiDumProd. (aU virgin; BB) Mercwy 7.51c-08 kg Airbornc air

MP Natural Gas Prod. (DEAM) Mercwy 1.32e·07 kg Airborne air

MP PEr Resin Production (DEAM) Mercwy 9.08e-08 kg Airbo,rne air

MP PMMA Sheet Prod. (DEAM) Mercwy 1.92e-07 kg Airborne air

MP Polycarbonate Production (PC; DEAM) Mercwy 2.58e-07 kg Airborne air

MP Steel Prod., cold-roUed, semi-finished (EB) Mercwy 1.60e-08 kg Airborne air

MP Styrene-butadiene Copolymer Prod. (DBAM mix) Mercury 9.04e-oS kg Airborne air

MP Aluminum Prod. (aU virgin; EB) Mercury 3.32e-ll kg Solid waste IandfiU

MP Steel Prod., cold·roUed, semi-finished (EB) Mercury 4.05e-14 kg Solid waste IandfiU

MP PET Resin Production (DEAM) Mercury 9.08e-08 kg Waterborne surface water

MP Natural Gas Prod. (DEAM) Mercwy compounds 1.8ge-15 kg Waterborne surface water

MP PMMA Sheet Prod. (DEAM) Mercury compounds 1.92e-07 kg Waterborne surface water

MP Polycarbonate Production (PC; DEAM) Mercury compounds 2.58e-07 kg Waterborne surface water

MP Steel Prod., cold-roUed, semi-finished (EB) . Mercury compounds 4.21e-08 kg Waterborne surface water

MP Styrene-butadiene Copolymer Prod. (DEAM mix) Mercury compounds 9.04e-08 kg Waterborne surface water

Manufacturing LCD CCFL mfg. (CDP) Backlight lamp (CCFL) 1.94e-03 kg Product

Manufacturing LCD backlight unit assembly (CDP) BrokenCCFL 2.69e-07 kg Solid waste landfiU

Manufacturing Fuel Oil #2 Prod. (DEAM) Mercury 1.27e-l0 kg Airborne air

Manufacturing Fuel Oil #4 Prod. (DEAM mix) Mercury 4.46e-1O kg Airborne air

Manufacturing Fuel Oil #6 Prod. (DEAM) Mercury 2.36e-1O kg Airborne air

Manufacturing Japanese Electric Grid Mercury 3.97e-07 kg Airborne air

Manufacturing LPG Production (DEAM) Mercury 4.17e-08 kg Airborne air

Manufacturing Natural Gas Prod. (DEAM) Mercury 2.97e-09 kg Airborne air

Manufacturing US electric grid Mercury 1.45e-08 kg Airborne air

Manufacturing LCD monitor assembly (CDP) Mercury 2.ooe-06 kg Hazardous waste recyclingfreuse

Manufacturing LCD module mfg. (CDP) Mercury 9.6ge-08 kg Waterborne surface water

Manufacturing LCD CCFL mfg. (CDP) Mercury 8.33e-08 kg Waterborne treatment

Manufacturing Fuel Oil #2 Prod. (DEAM) Mercury compounds 1.76e-16 kg Waterborne surface water

Manufacturing Fuel Oil #4 Prod. (DEAM mix) Mercury compounds 4.71e-16 kg Waterborne surface water

Manufacturing Fuel Oil #6 Prod. (DEAM) Mercury compounds 1.55e-16 kg Waterborne surface water



Table N-9. LCD Mercurv Outnuts bv Life-cvcle Sta!!e
Life-Cycle Stage Process Output Quantity Units Type Disposition

Manufacturing LPG Production (DEAM) Mercury compounds 6.44e-14 kg Waterborne surface water

Manufacturing Natural Gas Prod. (DEAM) Mercury compounds 4.28e-17 kg Waterborne surface water

Manufacturing LCD backlight unit assembly (CDP) Waste CCFL, with mercury 8.17e-IO kg Hazardous waste treatment

Manufacturing LCD backlight unit assembly (CDP) Waste glass, with mercury l.OSe-IO kg Hazardous waste landfill

Manufacturing LCD CCFL mfg. (CDP) Wastewater stream, from CCFL mfg. 1.67e+02 kg. Waterborne treatment

Use US electric grid Mercury 2.80e-06 kg Airborne air

End-of-life Fuel Oil #4 Prod. (DEAM mix) Mercury -2.0Se-09 kg Airborne air

End-of-life LCD incineration (DEAM mix) Mercury -8.42e-08 kg Airborne air

End-of-life LPG Production (DEAM) Mercury 3.42e-12 kg Airborne air

End-of-life Natural Gas Prod. (DEAM) Mercury -6.23e-IO kg Airborne air

End-of-life US electric grid Mercury S.32e-IO kg Airborne air

End-of-life Fuel Oil #4 Prod. (DEAM mix) Mercury compounds -2.17e-IS kg Waterborne surface water

End-of-life LCD incineration (DEAM mix) Mercury compounds 8.67e-12 kg Waterborne surface·water

End-of-life LCD landfilling (CDP) Mercury compounds 7.50e-12 kg Waterborne surface water

End-of-life LPG Production (DEAM) Mercury compounds S.2ge-18 kg Waterborne surface water

End-of-life Natural Gas Prod. (DEAM) Mercury compounds -8.98e-18 kg Waterborne surface water

MP =Materials processing



Table N·l0. CRT Life-Cvcle Imnad Scor~: from Mercurv.ba~ed Materials
UCe-cycle Stage Process Input/Output Impect Sea,res by Category

1hz. Waste Solid Waste ChrTOX-llllb CbrTox-oi:c AQ.ToL Terr.TOL
MP ABS Production (DEAM) Mercury 2.12e.()7 2.12e.()7

MP Aluminum Prod. (all virgin; EB) Mercury 2.02e-07 2.02e-07

MP Ferrite mfg. (EB) Mercury 1.62e.Q7 1.62c-07

MP Invar (DEAM mix) Mercury 2.12e-07 2.12e.()7

MP Lead (EB) Mercury 151e-06 151e-06

MP Polycarbooate Production (PC; DEAM) Mercury 4.62e.()7 4.62e-07

MP Steel Prod., cold-rolled, semi-finished (EB) Mercury 3.26e-OS 3.26e-QS

MP Styrene-butadiene Copolymer Prod. (DEAM mix) Mercury 2.07e-07 2.07e-Q7

MP ABS Production (DEAM) Mercury compounds l.l2e-Q4 1.97e-04 l.lle-04

MP Ferrite mfg. (EB) Mercury compounds S.4Se-OS 9.63e-OS S.44e-OS

MP Invar (DEAM mix) Mercury compounds S.SSe-OS 9.S6e-OS S.S7e-08

MP Lead(EB) Mercury compounds 7.8ge-07 1.3ge-Q6 7.S8e-07

MP Polycarbonate Production (PC; DEAM) Mercury compounds 2.44e-04 4.30e-Q4 2.43e-04

MP Steel PrOd., cold-rolled, semi-iinished (EB) Mercury compounds 4.S3e-QS S.OOC-QS 4.52e-OS

MP Styrene-butadiene Copolymer Prod. (DEAM mix) Mercury compounds 1.09e-04 1.93e-04 l.0ge-04

Manufacturing Fuel Oil #2 Prod. (DEAM) Mercury 2.72e-09 2.72e-09

Manufacturing Fuel Oil #4 Prod. (DEAM mix) Mercury 2.Sge-1O 2.Sge-1O

Manufacturing Fuel Oil #6 Prod. (DEAM) Mercury 6.94e-09 6.94e-Q9

Manufacturing Japanese Electric Grid Mercury l.lSe-Q7 l.l8e-07

Manufacturing LPG Production (DEAM) Mercury S.69e-Q7 8.6ge-07

Manufacturing Natural Gas Prod. (DEAM) Mercury l.SSe-09 l.SSe-09

Manufacturing US electric grid Mercury, 1.2Oe-Q7 1.2Oe-07

- Manufuctnri..ng Fuel Oil #2 Pr-ud. (DBAM) .Mercury compounds 1.9ge-12 3.51e-12 1.9Se-12

Manufacturing Fuel Oil #4 Prod. (DEAM mix) Mercury compounds 1.61e-13 2.SSe-13 1.61e-13

Manufacturing Fuel Oil #6 Prod. (DEAM) Mercury compounds 2.3ge-12 4.23e-12 2.3ge-12

Manufacturing LPG Production (DEAM) Mercury compounds 7.08e-lO 1.2Se-Q9 7.07e-lO

Manufacturing Natural Gas Prod. (DRAM) Mercury compounds 1.43e-14 2.S3e-14 1.43e-14

Us'e US electric grid Mercury 7.51e-06 7.51e-06

End-of-life CRT Incineration (DEAM mix) Mercury -l.l2e-Q7 -1.l2e-07



Table N-I0. CRT Life-Cvcle Imnact Score from Mercurv-based Materials
Life-cycle Stage Process Input/Output Impact Scores by Category

Haz. Waste Solid Waste CbrTox-nub CbrTox-occ Ao.Tox. Terr. Tox•
End-of-life Fuel Oil #4 Prod. (DEAM mix) Mercury . -3.11e-09 -3.11e-09

End-of-life LPG Production (DEAM) Mercury 7.50e-12 7.50e-12

End-of-life Natural Gas Prod. (DEAM) Mercury -9.44e-l0 -9.44e-1O

End-of-life US electric grid Mercury 7.52e-l0 7.52e-l0

End-of-life CRT Incineration (DEAM mix) Mercury compounds '. I.13e-OS 2.00e-OS 1.13e-OS

End-of-life CRT landfilling (COP) Mercury compounds 1.15e-QS 2.04e-OS 1.15\l-OS

End-of-life Fuel Oil #4 Prod. (DEAM mix) Mercury compounds -1.74e-12 -3.06e-12 -1.73e-12

End-of-life LPG Production (DEAM) Mercury compounds 6.11e-15 l.OSe-,14 6.10e-15

End-of-life Natural Gas Prod. (DEAM) Mercury compounds -7.1Se-15 -1.27e-14 -7.100.15
MP :: Materials processing.
Blank:: not applicable.
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Table N-H. LCD Life- Cvcle Imnact Score from Mercurv-based Materials
LICe-qcle Stage Process Input/Output ImpadScores by Calego,ry

Haz. Waste Solid Waste ChrTox- ChrTox-occ Aq.ToL Terr. Tox.
nub

MP Aluminum Prod. (all virgin; EB) Mercury 7.5le-08 7.5le-08

MP Natural Gas Prod. (DEAM) Mercury 1.32e-Q7 1.32e-Q7

MP PET Resin Production(D~ Mercury 1.82e-07 1.82e-07 1.82e-07

MP PMMA Sheet Prod. (DEAM) Mercury 1.92e-07 1.92e-07

MP Polycarbonate Production (PC; DRAM) Mercury 2.58e-07 2.58e-Q7

MP Steel Prod., cold-rolled, semi-finished (BB) Mercury 1.60e-08 1.60e-08

MP Styrene-butadiene Copolymer Prod. (DEAM mix) Mercury 9.04e-08 9.04e-08

MP Natural Gas Prod. (DEAM) Mercury compounds 1.00e-12 1.77e-12 9.98e-13

MP PMMA Sheet Prod. (DEAM) Mercury compounds 1.0le-04 1.7ge-04 1.0le-04

MP Polycarbonate Production (PC; DEAM) Mercury compounds 1.36e-04 2.40e-04 1.36e-04

MP Steel Prod., cold-rolled, semi-finished (EB) Mercury compounds 2.22e-05 3.92e-05 2.22e-05

MP Styrene-butadiene Copolymer Prod. (DEAM mix) Mercury compounds' . ..
4.7Te~OS 8.42e-05 4.76e-05

Manufacturing LCD backlight unit assembly (COP) BrokenCCFL 1.98e-ll

Manufacturing Fuel Oil #2 Prod. (DEAM) Mercury 1.27e-1O 1.27e-10

Manufacturing Fuel Oil #4 Prod. (DEAM mix) Mercury 4.46e-10 4.46e-10

Manufacturing Fuel Oil #6 Prod. (DEAM) Mercury 2.36e-10 2.36e-10

Manufacturing Japanese Electric Grid Mercury 3.97e-07 3.97e-07

Manufacturing LCD CCfL mfg. (COP) Mercury 3.9ge-06

Manufacturing LCD module mfg. (COP) Mercury 9.6ge-Q8 1.94e-07 9.6ge-08

Manufacturing LPG Production (DEAM) Mercury 4.l7e-08 4.I7e-Q8

Manufacturing Natural Gas Prod. (DEAM) Mercury 2.97e-09 - 2.97e-09-

Manufacturing US electric grid Mercury 1.45e-Q8 1.45e-08

Manufacturing Fuel Oil #2 Prod. (DEAM) Mercury compounds 9.27e-14 1.64e-13 9.25e-14

Manufacturing Fuel Oil #4 Prod. (DEAM mix) Mercury compounds 2.4ge-13 4.3ge-13 2.48e-13

Manufacturing Fuel Oil #6 Prod. (DEAM) Mercury compounds 8.l5e-14 1.44e-13 8.I4e-14

Manufacturing LPG Productioh (DEAM) Mercury compounds 3.4Oe-ll 6.00e-ll 3.3ge-ll

Manufacturing Natural Gas Prod. (DEAM) Mercury compounds 2.26e-14 3.98e-14 2.25e-14

Manufacturinl! LCD backli.e;ht unit assembly (COP) Waste glass, with mercurY 7.73e-15
Use US electric grid Mercury 2.80e-06 2.80e-06



Table N-ll. LCD Life-Cvcle Imnact Scores from Mercurv-based Materials
Life-cycle Stage Process InpuUOutput Impact Scores by Category

Haz. Waste Solid Waste CbrTox- CbrTox-occ Aq. Tox. Terr. Tox.
pub

EndofUfe Fuel Oil #4 Prod. (DEAM mix) Mercury -2.0Se-09 -2.0Se-09

EndofUfe LCD incineration (DEAM mix) Mercury -8.42e-08 -8A2e-08

EndofUfe LPG Production (DEAM) Mercury 3.42e-12 3.42e-12

EndofUfe " Natural Gas Plod. (DEAM) Mercury -6.23e-IO -6.23e-IO

EndofUfe US electric grid Mercury S.32e-lO S.32e-lO

EndofUfe Fuel Oil #4 Prod. (DEAM mix) Mercury compounds -l.lSe-12 -2.02e-12 -1.l4e-12

EndofUfe LCD incineration (DEAM mix) Mercury compounds 4.S7e-09 8.08e-09 4.S7e-09

EndofUfe LCD landfilling (CDP) Mercury compounds 3.96e-09 6.9ge-09 ' 3.9Se-09

EndofUfe LPG Production (DEAM) Mercury compounds 2.7ge-IS 4.93e-lS 2.78e-lS

EndofUfe NatUral Gas Prod. (DEAM) Mercury compounds -4.74e-IS -8.37e-IS -4.73e-IS

MP =Materials processing.
Blank =not applicable.
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